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PREMCE. 



The AnglO'Saxon nations exceed all other in tbe 
value and amount of the metals and minerals they 
each year hring into commerce, yet their literature 
treating of the methods by which these subterranean 
treasures are raised and made valuable is small and 
unsatisfactory. 

The Author does not expect within the compass of a 
Treatise of this size to do much towards extending 
that literature, but he ventures to believe that by 
furnishing in a condensed form, the principles of the 
metallurgy of copper, and a description and explana- 
tion of the latest and most important means of 
discovering and reducing the ores of that valuable 
metal, step by step, to a condition suited for the 
purposes of the manufacturer, — ^he will supply a source 
of information for which English smelters, students 
and artisans, have long sought. 

In concluding this volume the Author cannot omit 
returning his thanks to the owners and officers of 
various mines and furnaces upoii \-\i\% w^.^ *Cs:^^ ^*Ocw^x 



1 PREFACE. 

side of the Atlantic for the uniform courtesy they have 
extended to him, and to mention the following excellent 
works and papers from which he has drawn material in 
the preparation of the accompanying chapters : 

Muspratt's ** Chemistry applied to the Arts.'' 

PhiUips' " Manual of MetaUurgy." 

"Napier," in the ** London, Dublin, and Edinburgh Philosophical 

Magazine," vols, iv., v. 
" Gark," in "Journal of Society of Arts. 1858." 
Hunt's. " Mining Records." 

Whitney's " Metallic Wealth of the United States." 
EerFs "Handbuch der metallurgischen Hiittenkunde." 
Zippe's ** Geschichte der Metalle." 
Von Cotta's ** Lehre von den Erzlagcrstatten." 
Bodemann's " Anleitung zur Probirkunst." 
Scheerer's " Lehrbuch der Mctallurgie." 
Plattner's ** Vorlesungen iiber Allgemeine Hiittenkunde." 
Plattner's "Probirkunst mit dem Lothrohre." 
" Mdtallurgie du Cuivre par Rivot." 
" Le Play, Precedes Metallurgiques dans le pays Galles." 
" Moissenet, sur le proced^ Anglais pour les Essais de Cuivre." 

Frhibbro, Sazont, July iih^ 1860. 
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Oenebal Considerations bbgabdinq Coppbb ; History ; Physical 
AND Chemioal Properties; Mineralogical and Qeolooioal 
Relations; Mining; Assaying; Qeneral Metallurgy; Fuels 
and Apparatus used by the Copper Smelter. ' 



CHAPTER I. 

Historical Sketch of Copper. 

Copper is one of the six metals spoken of in the 
Old Testament^ and one of the most important of the 
seven mentioned by ancient historians. It was known 
at least as early as the time of Tubal Cain^ since he 
was an instructor of artificers in brass and iron. 
Grecian historians relate that Cadmus discovered 
copper^ and taught its application to the wants of 
mankind. It was found on the island of Euboea^ near 
the town of Chalkis, and hence it has been assumed 
came the Grecian name Chalkos, by which the metal 
was known to Homer^ Hesiod^ and other ancient 
Achaean authors. The Romans knew copper as aes 
eyprum, and later as cuprum, names derived from that of 
the island Cyprus, where Pliny declares the method of 
working it was discovered. It is cert&m lVk»^. \y^^'^*^vi\%. 
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island the PhcBuicians had opened mines at a very early 
date. Hence in the mystic nomenclature of the Alchy- 
mists copper came to be called Venus, to which goddess 
Cyprus was sacred^ and among their signs it was known 
by the astronomical designation of that planet ? • The 
English word copper, the French cuivre, and the German 
kupfer, were introduced into those languages during 
the middle ages^ and are plainly but alterations of the 
Latin name. 

The mention of copper in the oldest records, and 
among the first metals whose use was known to man- 
kind, is consistent with what we would be led to 
conclude, after a close consideration of its nature and 
the manner of its occurrence. Masses of the tough 
native metal, detached by water from their original 
beds, and deposited in spots where a warlike people 
went to seek stones from which to shape their rude 
weapons, by reason of their weight, colour, lustre and 
malleability, woidd quickly attract attention. These 
qualities, connected with the fact that the native masses 
are often of considerable size, render it more than 
probable that copper was the first metal upon which 
were made the unskilled attempts of primeval smiths 
and smelters. 

In the Hebrew manuscripts no distinction is made 
between pure copper and the alloy with tin, which in 
modem times has been known as bronze, but which in 
our translations is rendered by the word brass. Thk 
alloy, however, was undoubtedly the discovery of a 
generation long posterior to that which made the 
earliest use of native copper, since tin not being found 
in the countries bordering on the shores of the 
Mediterranean, could only have been introduced after 
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eonmiercial relations with distant European or Asiatic 
regions had been established. It is generally assumed^ 
without any particular endence to support the assump- 
tion, that the ancients had a means of making this alloy 
of tin and copper so hard that it would cut the most 
refractory rocks, and the existence of vast monuments 
of syenite and porphyry are spoken of by antiquaries as 
inexplicable under any other supposition. 

It is a fact provoking speculation, that the race of 
the Incas in Peru, although unable to reduce the iron 
ores that were scattered in abundance around them, 
and hence ignorant of the use of that metal, were well 
aware of the peculiarities of this hard alloy of copper 
and tin, and forming it from proportions almost identical 
with those adopted by the ancients of the old world, 
used it to construct the tools required for dressing the 
stones necessary in building their vast aqueducts and 
temples. 

The Israelites had bronze weapons in the time of 
David. Homer represents his heroes fighting with arms 
made from the same substance, and it formed an 
important portion of many of the agricultural imple- 
ments of the ancients. Bronze was early recognised as 
a material adapted to the needs of the fine arts ; the 
Colossus of Rhodes, which was constructed of this 
metal, is a remarkable proof of the abundance of copper 
even at that early date; and it is said that Mummius, 
after the sacking of Corinth, filled Rome with bronze 
statues, thus transporting Grecian art to the banks of 
the Tiber. Whether the Phoenicians who carried tin 
from Britain found there the knowledge of making 
bronze, is uncertain ; but it is a probable hypothesis, that 
the enigmatical weapons and tools of \«o\aftl^>iSN.^\si.*OsiR. 
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graves of some ancient race in various European lands, 
and which archaeologists have determined to be Celtic 
remains, were obtained by the wandering tribes from 
that region in Britain where at the present day the 
descendants of those same metallurgic Celts have made 
themselves the largest refiners of copper on the globe, 
and in whose vicinity occurs the richest and almost 
the only known tin region within a circumference of 
many thousands of miles. 

The earlier money of the Romans was of bronze, or 
more rarely of the alloy of copper with zinc, known as 
brass. Before the time of the Caesars no pure copper 
pieces appear to have been struck, and those of the time 
of the emperors often show indications of having been 
silvered, by which process it is probable they were made 
to take the place of solid pieces of the more valuable 
metal. 

Descending into the middle ages, we find a new and 
important application of copper in its combination with 
tin originating in the triumph of the Christian religion. 
Church bells, which are made of this alloy, are first 
definitely mentioned in ecclesiastical records of the 
seventh century; they were brought into general use 
by Charlemagne, and for several centuries were almost 
the only object for the employment of the founder^s art. 

In the construction and ornamenting of churches, 
copper, bronze, and brass, have played an important 
part: the roof, the altars, and the sepulchral monu- 
ments were often wrought of these substances; and the 
statues and decorations of pantheistic temples still exist 
in renovated forms in the worshipping places of Christ- 
endom. The invention of gunpowder, and the subse- 
quent introduction of bronze cannon in the wars of the 
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fourteenth and fifteenth centuries^ had an important 
influence in increasing the value and the production of 
copper ; and as the civihsation of more modern periods 
grew, the demand for a cheap metal, approaching in its 
properties those of gold and silver, increased rapidly, 
until at present there is scarcely a branch of human 
economy where copper is not found an important means 
of arriving at greater perfection. Either unmixed or in 
the form of a compound, it is employed in the con- 
struction of nearly all kinds of machinery ; for forming 
the delicate instruments of the astronomer, natural 
philosopher, engineer, and musician ; for increasing the 
security of commercial enterprise by adding to the 
durability of ships ; as a path for the electric current in 
its bold journey from continent to continent in the 
service of civilisation. It furnishes a re-agent for the 
chemist, and for the physician a remedy against disease. 
The sculptor employs it to express his conceptions, the 
painter, aided by the engraver, to reproduce and dis- 
seminate his beautiful thoughts. The electro-metallur- 
gist uses it to catch and make prominent the evanescent 
forms of nature and art. The glassmaker, the cook, the 
dyer, and those engaged in many other employments, 
use it constantly, while almost every advance made in 
technical science adds to the number of its applications. 
Euboea and Cyprus have already been mentioned as 
localities known to the ancients for their mines of 
copper-producing minerals. The Egyptians in early 
times drew their supply of the metal from Arabia, and 
it is related that one of the objects in view by Ramses 
the Great, in digging the canal across the isthmus of 
Suez, was to connect the copper-producing countries 
of the Arabian peninsula with hU km^diQisi o^'C^^^^^^- 
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Travellers of the present day find in the midst of the 
waste^ tsLT removed from the region of fuel^ remains of 
mines, and hieroglyphic inscriptions proving them to 
belong to an age almost beyond the reach of history. 

Upon the highlands of the Urals and the Altai are 
£Dund remains of mines dating from the most remote 
period^ before the use of iron was introduced as a material 
for the construction of tools. The Phoenicians brought 
copper from Asia Minor, the Tam^us Mountain^ 
England, Portugal, and Spain, and during the middle 
ages the last-mentioned countries produced a notable 
quantity of the metal under consideration. 

At the present time copper is furnished £rom a vast 
number of localities in every quarter of the globe. The 
United Kingdom however ranks before any other 
country in the amount of ore raised and the weight 
of metal reduced. The information we have regarding 
the early stages in the progress in Britain of both the 
mining and metallurgic divisions of this important 
branch of industry, is remarkably scanty, and recorda 
or traditions treating of the period prior to the 
beginning of the seventeenth century, are seldom of a 
reliable character. 

At Newlands, near Keswick in Cumberland, some 
rich mines of copper were wrought about 1250, and it 
would appear that in 1470 the place was still famous 
for the metal it produced. ^Elcton Hill, in Staffordshire, 
was another spot where copper was obtained in con- 
siderable abundance, previous to the era of copper 
mining in Cornwall 

It is amusing, with our present knowledge of the 
mineral resources of England, to meet with Acts of 
Pfprliament passed in the reigns of Henry YIII. and 
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Edward V I. for preventing tlie exportation of brass and 
copper^ ^^lest there should not be metal enough left in 
the kingdom fit for making guns and other engines of 
war, and for household utensils ; '' and even at so late 
a date as 1708, to find a memorial presented to the 
House of Commona bjr the brass manufacturers, stating 
that " England by reason of the inexhaustible plenty of 
calamine, might become the staple of brass manufac- 
ture for itself and foreign ports, and that the continuing 
the brass works of England would occasion plenty of 
rough copper to be brought inJ^ 

At this period the supply of copper came from the 
continent, metal produced by the mines of the Hartz 
and Hungary was sold in the magazines of London, 
and indeed not until 1717 were English pennies struck 
from English metal. At the end of the seventeenth 
century the attention of Cornish tin miners began to be 
seriously drawn to the more valuable cupreous deposits 
around them ; previous to that date, it is true, copper 
ore had been sold at a low price under the name of 
poder, but this was produced by mines worked or 
originally- opened for tin. The yellow copper pyrites 
was the first ore recognised as valuable by the min^, 
the fiar richer sulphide and black oxide of copper were 
for a long time not considered worth preserving, and 
thousands of pounds were cast into the sea or left 
standing in the lodes to surprise and delight sub- 
sequent and wiser explorers. Deposits began to be 
opened exclusively for the copper they contained, about 
the commencement of the last century, and from that 
time to the present the produce of ore has gradually 
but steadily increased. The discovery of the rich 
mines of Anglesea in 1768, the additi^YL <^1 ^^s^^^s^- 
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shire and Ireland to the list of copper-prodacing 
regions, and of late years the immense imfiortation of 
ores from Chili^ Cuba^ and the Pacific islands, have 
neither destroyed the demand for Cornish ore nor 
materially disturbed the law of growth. 

The advantage of sending ore to be smelted in the 
rich repository of fuel in the Welsh coal basin was 
very early perceived, and even in 1586, according to 
Carew, ore was shipped thence from Cornwall. In 
1765, several furnaces were in existence near Bristol^ 
and others along the coast toward the westward. The 
general plan of the various processes then in use 
appears to have been extremely similar to that now 
practised at Swansea, and known as the English 
method of smelting copper; and when we consider the 
complex nature of the numerous operations which it 
includes, and the remai*kable difierence that exists 
between them and those practised at that time in all 
other copper-refining countries, we cannot but admire 
the ingenuity and judgment of those old metallurgists 
who, aided only by their clear powers of observation, 
worked out a system which, while it is so -excellently 
adapted to all the circumstances of the locality, can be 
used in the treatment of every known variety of ore, 
and has withstood, with but slight changes, the keenest 
researches of modern science. 

In the United States of America copper in workable 
quantities has been found in nearly all the States 
penetrated by the Appalachian chain of mountains. 
The oldest incorporated mining company in the country 
appears to have been one for the purpose of working 
copper ores in Connecticut, the date of whose charter 
is 1709. Sut all other deposits at present sufficiently 
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developed to warrant a judgment regarding their value 
are exceeded by that which^ within the last sixteen 
years, has been re-opened upon the shores of Lake 
Superior. That this remarkable region was known to 
a race existing at a period anterior to the earliest 
authenticated dates in aboriginal history, is evident 
from the remains which still exist of gangways, tools^ 
and other proofs of skill which the races occupying the 
country at the time of its discovery nowhere evinced. 
The Indians found by the first travellers were utterly 
ignorant of the methods of working that had been in 
use by the former race; they had no traditions to 
explain the existence of the numerous excavations, and 
what copper they possessed was only such as they 
gathered among the surface stones. The first record 
of the deposit is found in the missionary report of the 
Society of Jesuits for 1659-60. The savages had then 
rude utensils made from the metal, and huj^e blocks of 
it were erected and worshipped among their gods. In 
1763, one Henry, a practical Englishman, explored the 
country at the imminent risk of his life, and in 1771 he 
established works, which were, however, soon abandoned. 
The recent mining era of the region begins with 
the year 1844. The explorations of various scientific 
men had made the region partially known to the 
world, and miners drawn thither by the reports of 
mineral wealth, soon discovered large blocks of the 
native copper, containing much silver. A feverish 
excitement set in among adventurers and capitalists, 
and companies were formed in various parts of the 
world to work localities, of which, in many cases, not 
even a survev had been made. In 1847, the inevitable, 
crisis came^ and of the hundreds oi eo\sl^^\:^^a^ t^^-^ssv- 
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nally existing, only mx were fonnd actually engaged in 
mining. The distrust naturally resulting from these 
early disasters has gradually dis^peared. The conL« 
yulsion was beneficial in exposing the spurious and 
worthless schemes^ and in pointing out those enter- 
prises whose inherent strength made them capable of 
weathering the storm. Since that period the progress 
of the region has been healthy, legitimate, and un- 
wavering. 



CHAPTER II. 

On thb Fhtsioal akd Chemical Fboperties of Copper. 

Copper differs from all other metals in possessing a 
red colour ; its hue, however, is not to be confounded 
with the deeper red, — ^known in common language as 
" copper-red '' — ^that may often be seen on the surface 
of copper vessels, and which results from a coating of 
the suboxide. In thin leaves, copper permits the 
passage of light through it, and the colour transmitted 
is a beautifal green. Like many of the uneombined 
metals, it crystallises in cubes or octahedrons, which 
forms are not uncommon in natural specimens, and 
may be obtained by precipitating the metal from a 
solution by galvanic acticm. Its specific gravity, or 
weight, compared with an equal bulk of water, varies 
according to the manner in which it is treated,-— 
thus: — 

When oast it lies between 8*59 and 8*90 

When hammered between 8*88 „ 9*00 

When in the form of wire 8 '78 , , 8-96 

A pieee ent from the oentre of a maw of native metal, 8*888 
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In regard to .weighty tlierefore^ it occupies a medium 
position among the common metals ; gold, lead^ and 
silver being heavier, and iron, tin, and zinc lighter. It 
is superior to all the other common metals, except gold 
and silver, in its malleability, or the facility with which 
it allows itself to be hammered into thin sheets, but 
beside these, the two metals iron and nickel exceed it 
in ductility, or the property necessary for producing 
fine wire. It ranks with gold and silver in hardness, 
is sonorous, and forms a part of some of the most 
sonorous compounds with which we are acquainted. 
When warmed, or rubbed, it gives off a disagreeable 
smell, and its taste is faintly nauseous and metallic. 
Copper melts at a strong red heat, according to the 
recent determinations of Flattner at 2143^ Fahrenheit, 
or somewhat above the melting»point of silver and 
gold, and when in a fluid condition appears of a sea- 
green colour. Upon being raised to a white heat it 
volatilises slightly, and combining with the oxygen of 
the air, burns with a greenish flame. When pure 
it retains at all temperatures below the smelting-point, 
a high degree of ductility, and the hardness and 
brittleness which are produced in it by rolling and 
hammering may be removed by heating. In tenacity, 
it ranks next to iron; a wire '787 of a line in diameter 
sustaining a weight of 302*3 pounds. Its power of 
conducting heat is a little more than 2^ times that of 
iron. Its linear expansion, when heated from 32° to 
212°, is 0-001879, and it ranks with silver above the 
other metals in its capacity for conducting electricity. 

The chemical symbol of copper is Cu, from the Latin 
name cuprum. The proportion with which it combines 
with other elements indicates thatit^^wssva^^^^'^^ 
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81*71 times that of hydrogen; or when oxygen is 
assumed as 100^ its equivalent number is 896*7. 

Chemically pure copper may be obtained by heating 
the oxide in a glass tube^ through which a stream of 
hydrogen gas is passed ; the oxygen leaves the copper, 
and combines with the hydrogen, forming water, which 
is carried off, and the pure metal in the form of a 
powder remains behind. Copper which is precipitated 
from a pure solution, through electro-galvanic action, 
by a means hereafter to be described, is also chemically 
pure. The "best selected copper'' of the Swansea 
furnaces is almost absolutely pure ; the " tough 
copper '^ and the "tile copper^' contain traces of 
arsenic, nickel, tin, iron, and sulphur, altogether, how- 
ever, seldom amounting to more than 0'008, or -f^ths of 
one per cent. The Russian copper generally contains 
some iron, although otherwise exceedingly pure ; * that 
from the native metal of Lake Superior is frequently 
very free from foreign substances, some Analyses, how- 
ever, show an admixture of as much as 00003 silver; 
the South American commercial copper is often mixed 
with scraps of iron and the constituents of the ore. 

By common temperatures copper remains in dry air 

* The following analyses sbow the composition of several continental 

commercial cuppers : — 

Refiked Coppsr. 

Cupper. Silver. Iron. Lead. Tin. 
percent, percent percent, percent, percent. 
From Norway, analysed by Genth . 99*61 trace 0*62 trace 0*27 
„ Freiberff. Saxony . . . 08*92 0*032 ObO 0*68 000 

BOSETTB COPPKB. 

Otpper. Lead. Iron. Nickel. Antimony. 

percent, percent percent, percent, percent. 
From the Hartz, analysed by Bodeman 98*48 trace 0*75 0*26 0*76 
■ „ Sweden, analysed by Geutli . 99*55 0*19 0*15 0*00 00 
„ China, No. 1, analysed by Onner 97*79 0*00 0*21 1*85 0*50 
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unchangedi but in contact with moisture^ or in the 
presence of acid vapours^ it becomes coated with a green 
scale called verdigris. Upon the slight aflSnity, when 
compared with other metals^ possessed by copper for 
oxygen, rest some of the most important processes in 
its metallurgic treatment; the following series, arranged 
as nearly as possible in the order of the strength of 
this affinity, shows how close, in this respect, it stands 
to the precious metals; 1. iron, 2. zinc, 3. lead, 4. 
cobalt, 5. nickel, 6. copper, 7. tin, 8. silver, 9. gold. 

At a white heat copper decomposes water into 
hydrogen and oxygen; the latter element then com- 
bines with the metal and an oxide is produced. Weak 
acids, as for instance vinegar, have no influence on 
copper except in the presence of air, hence there is no 
danger in cooking acid food in vessels formed of it 
provided they are kept perfectly bright, since the 
vapour which passes oflF forms a complete protection 
from the surrounding atmosphere ; but it is dangerous 
to allow the food to cool in these vessels, because the 
air then gains admission and a soluble and poisonous 
metallic salt is quickly formed. In a state of fine 
division copper is a little dissolved by hydrochloric 
acid, while in larger masses this re-agent scarcely affects 
it. Strong sulphuric acid dissolves it when warm, 
developing stifling fumes of sulphurous acid. But 
nitric acid is its proper solvent : by this re-agent it is 
reduced at common temperatures, with development of 
copious red fumes of hyponitric acid, to a blue solution 
of the nitrate of copper. 

Copper unites with most of the elements in various 
proportions; it will be appropriate here to describe 
only the most important combinations. 
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In combination with oaoygen. When copper is heated 
in the air it becomes gradually coated with a red film 
of the sub-oxide, which passes gradually into the 
black or the protosdde. Both of these compounds are 
moderately strong bases, that is to say they combine 
readily with acids forming salts. The suboxide has the 
formula Cu^ O, and is composed of 



88*80 parts of copper, 
irith 11 *20 parts of oxygen. 



100-000 

It is found in nature beautifully crystallised in regular 
octahedrons, and is an important ore of the metal. 
When melted with quartz it gives to the resulting 
compound a brilliant red hue, which resembles that of 
the ruby. 

The black or protoxide of copper has the formula 
Cu O, and is combined as follows : 

79*85 parts of copper, 

with 20*15 parts of oxygen. 

^^— ^"■— » 

100-00 

It may be readily formed by heating nitrate of copper 
in the air ; when thus produced, it is a black powder^ 
which rapidly absorbs moisture &om the atmosphere. 
This is also a mineral from which copper is metallurgi- 
cally won, and it occasionally occurs in large masses. 

By the solution of this oxide in various acids, a 
aeries of salts may be formed, all of which have, while 
containing water, a blue or green colour j but which, 
when they lose their water, become a dirty white. A 
solution of any of these compounds may be recognised 
by the following reactions :— 
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Ammonia gives at first a greemsh precipitate, hvi 
as more of the re-agent is added,^ a deep blue colour is 
produced. The ferrocyanide of potassium throws dowB 
a brownish red precipitate, which becomes reddish 
purple when the solution is very much diluted. This 
reaction is so delicate that the smallest traces of a 
soluble copper salt may be detected^ when there is no 
substance at the same time present which renders the 
diaracteristic colour invisible, as for instance iron* A 
dean plate of iron or 2dnc, when dipped in a solution 
of a salt of copper, becomes coated with the latter 
metal, which means of discovering its presence is f€sty 
oonvenient and quite delicate. 

The most common of the copper salts are : Su^jAate 
^ copper or copper vitriol^ Cu O, SO3 + 5 HO. This 
is largely used in the process of dying and in electro, 
metallurgy, and is the substance from which nearly all 
the other chemical compounds of copper are produced. 
It is held in solution by the water flowing from many 
mines, and the metal is frequently reduced from it by 
a process to be described further forward. Carbonate 
of copper or Malachite, Cu O, CO^ + Cu O, HO, and 
AzuritCf 2 Cu O, CO^ -I- Cu O, HO, are found among 
the ores of copper, and are also manufactured by a 
secret process and brought into trade as colours; the 
first as ^'min^*al green,'' the second as ^^ mountain 
Uue;'' but both are liable to change their shade by 
dampness or bad air. The compound of the oxide of 
copper with acetic and arsenic acids produces the 
^' Schweinfurt green '^ of commerce. It is one of the 
most violent poisons, and is frequently used in the 
Bianufacture of paper hangings. 

The compounds of copper with sulphur^ kss>sssss^ "^a^ 



16 THE METALLURGY OF COPPER. 

common metals^ when in a melted condition, copper 
has the strongest disposition to unite with sulphur; 
next to it comes iron, then in the order of their 
attraction : tin, zinc, lead, silver, antimony, and arsenic. 
To the metallurgist this varying affinity is of the 
utmost value in furnishing him a means of separating, 
more or less completely, one member of the series from 
another. Copper burns with a brilliant light when 
heated in the vapours of sulphur, producing the stdf» 
sulphide Cu^ S, which substance occurs in nature and 
is known as copper glance. The compounds of copper 
with sulphur are in their natural state generally 
mingled or combined with the sulphides of iron, 
forming, as will be seen by a reference to the minera- 
logical section of this treatise, the most important ores 
of the former metal. 

The sulphide of copper, Cu S, is produced artificially 
by decomposing the oxide with sulphuretted hydrogen ; 
it is a dark powder, which if left exposed to the air 
rapidly absorbs oxygen. 

With chlorine and iodine copper unites in propor- 
tions analogous to those of the oxygen compounds. 

All the soluble salts of this metal are poisonous^ 
though in small doses they are occasionally admin* 
istered as tonics, anti-spasmodics, or alteratives, but 
when taken in larger quantities they occasion in-, 
flammation, and disorder the functions of the nervous 
system. The symptoms in cases of poisoning by copper 
are, a cupreous taste, violent vomiting, cramps in the 
legs and thighs, giddiness, convulsions, and insensi- 
bility. The best antidote is albumen or white of e^g: 
if administered in large quantities milk will answer the 
same purpose. The compounds known as alloys, 
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formed by the combination of copper with one or more 
of the other metallic elements^ are so numerous^ 
various, and important, that a separate chapter has 
been devoted to a description of their preparation^ 
nature, and use. 



CHAPTER III. 

Tni B1.0WPIPB, ITS AccoMPANTiNa Inbtrvments and Rie-Aoknts ; 

MbTHOD 09 USING THEM TO DeTECT| AND DETERMINE THE NaTUSI 

OF Copper Ores. 

The external characteristics of the substances which 
continually demand the attention of the practical metal- 
lurgist in the form of ores, fluxes, slags, &c., are, in the 
majority of cases, entirely inadequate to euable him to 
determine either their commercial value, or the pro- 
cesses to which they may be the most profitably sub- 
mitted. A knowledge of their chemical nature — of 
their worthful or disadvantageous elements — ^is alone 
capable of leading to this necessary information. Few 
of those connected with smelting have the time to 
spare to make themselves good chemists, since to 
become such requires years devoted to this especial 
study. But the copper smelter has his attention called 
to but a limited number of substances, and compara- 
tively to but a few processes, and hence the amount of 
chemistry absolutely necessary for him to understand 
is limited. 

By the labours of modern experimenters, an instru- 
ment has been perfected which seems to be the natural 
assistant of the metallurgist; since by iU ^^^ "Wi^ 
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without the poweasion of extended theoretical know- 
ledge, he is enabled to perform on a small scale, and 
while the substance acted upon is beneath his close 
observation, many of the same operations which his 
business requires him to carry out, in his furnaces and 
smelting-pots. 

This instrument is the blow-pipe, which, with its 
essential accompaniments, furnishes the experimenter 
with a powerful but delicate blast-furnace that is 
under the most perfect control, and is capable, in a 
very short time, with the aid of a few simple re-agents, 
of proving the presence or absence of nearly every sub- 
stance likely to be found among the constituents of 
ores. The fact that the blow-pipe and its necessary 
suite of instruments and re-agents are so easily ob- 
tained, and so compact, and that the ordinary student 
may gain (without the aid of a teacher) a considerable 
skill in their use; and further that their applications 
are so numerous, and the results obtained so trust- 
worthy, that they are often capable of taking the place 
of a complete chemical laboratory, — ^makes their de- 
scription, and directions for their use, in a work like 
this, especially appropriate. 

The efforts of Bergman, Berzelius, Harkort, Plattner, 
and others, have gradually raised the blow-pipe from its 
original position as a tinman's tool to its present scien- 
tific importance, and made it not only applicable to the 
discovery of the elementary constitution of compounds, 
or to quaUtative analysis, but have given it a high value 
as furnishing a means of executing certain qtuintitative 
analyses, or determining the amount of metal which 
a given compound may hold. The metals that by 
this process may be most accurately separated and 
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eatiinatecl, are nlver, gold, lead, copper, tin, bumnih, 
eobalt, and nickel. 

Folloving Till be found a description of the appa- 
ratus, re-ageuts, and methods necessary for diacorering 
the nature of those ores, slags, or minn^ mixtures 
frhich will be likely to be brought to the attention' of 
the copper smelter; and in Chapter VI. the qnanti- 
tatire method will be given, with sufficieat detail to 
enable a careful workman to determine the amount of 
copper present in any given compound. 



DESCBITTION OP APFASATCB. 

The best form for a blow-pipe is that shown in the 
accompanying figure. It should consiat of a tube, a b, 
7-^ inches long, having at one end a 
mouth-piece of horn, f, sh^»ed like the 
extremity of a trumpet. At the other 
end the tube fits with a ground joint into 
a cylinder, b c, which serves to retain the 
moisture of the breath. Into this cylinder 
a small tube, d e, is fitted in the same 
manner ; aud to the end of this tube, by 
a third ground joint is attached the pla- 
tinum poiut, e, of which a full-sized lon- 
gitudinal section is given at g. The 
opening at h should have a diameter of ^ 
oi a line. With the exception of the two 
ends, the entire instrument may be made 
«rf brass or German silver. "*' '' 

S. The best instrument for supplying the required 
flame for blow-pipe use is that represented by fig. 2 ; 
hat in many cases of qualitative testing, «. c^\cn&N^ 
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wax, stearine, or tallow candle will answer every pur- 
pose. The following dimensions for a blow-pipe lamp 

will be found convenient : 
a b= ^in, ; c d,li in.; ef, 
9 in. ; ^ h, or the breadth 
of the wick, ^ in. The vase 
of the lamp, a b, may be of 
japanned sheet-iron. The 
remaining portions of the 
instrument should be of 
brass or German silver. The 
portion k, which answers 
Pj^ - '^" the purpose of a stand upon 

which small vessels may be 
placed to be treated, can be taken ofif when the lamp is 
otherwise in use. The wick should be of cotton, and 
must be kept cleanly and evenly trimmed. As a 
burning material, refined rape seed or olive oil may be 
used, or, what is still better, a mixture of one part of 
oil of turpentine with twelve parts of strong spirits of 
wine. 

8. Beside this oil-lamp, a small alcohol lamp for 
heating substances in glass tubes will be found neces- 
sary. 

4. Platinum wires, about -^ of a line in diameter, and 
2^ inches lon^, used for holding substances while being 
melted with borax and other glass fluxes. They should 
be curved at one end into a loop, that the bead which 
adheres to them may be more securely held. 

5. Glass tubes closed at one end, about J inch in 
diameter, and 3 inches long, and made of thin glass, 
that they may not break in the heat. These are used 
to heat substances in, over the alcohol lamp, in order to 
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determine the presence of water^ sulpbur^ arsenic^ and 
other volatile elements. 

6. Glass tubes open at both ends, about i inch in 
diameter^ and 4^ inches long^ also made of thin glass^ 
for the purpose of observing the effects of the air upou 
substances exposed in its presence to a high tempera- 
ture. A bit of the substance to be tested must be 
placed in the tube, which is then held at a slight angle 
with the horizon, and heated over the alcohol lamp. 

?• Forceps of brass or German silver, with platinum 
points, for holding splinters of a mineral in the flame 
while determining the colour produced by a high heat, 
and the smeltability. 

8. A small smooth block of steel and a small hammer, 
for proving the malleability of globules and breaking 
minerals. 

9. A number of pieces of well-burned homogeneous 
charcoal, made from fine-grained wood. 

10. A small magnet, to test for iron, nickel^ and 
cobalt. 

11. Beside the above, it will be found useful to 
possess several small and thin porcelain dishes, two or 
three glass funnels, a small flask for holding water, a 
wooden stand for test tubes and one for filtering, and a 
quire or two of filter paper. 



RE-AGENTS. 

These should be kept in small glass bottles with 
ground stoppers. 

1. Soda (carbonate of soda) : for reducing metallic 
oxides to the condition of metals, and for determining 
the presence of sulphur and silica. 
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2. Neutral oxalate of potcah fumishes a still more 
efficient means of reducing the metallic oxides. 

3. Borax (biborate of soda) has the property of 
forming a transparent glass, which becomes yariooaiy 
coloured by the addition of different substances. 

4. Salt of phosphorus (phosphate of soda and am- 
monia) is used in the same manner as borax, but often 
produces a pecuUar reaction. Nos. 3 and 4 are some« 
times called the glass fluxes. 

5. Bisulphate of potash, for iiesting for the presence 
of boracic acid, chlorine, nitric acid, &c. 

6. Saltpetre (nitrate of potash), for testing for man- 
ganese. 

7. Nitrate of cobalt, in solution, for distinguishing 
between magnesia and alumina, and zinc and tin. 

8. Pure lead, for the gold and silver assay. 

9. Fmely-powdered bone ash, to be used for absorbing 
the oxide of lead in the gold and silver assay. 

10. Sulphuric acid, hydrochloric add, nitric add, and 
ammonia. 



MANAGEMENT OF THE BLOWPIPE AND FLAME. 

The student of blow-piping having possessed himself 
of the apparatus and re-agetits that have been men- 
tioned, is ready to begin his experiments. His first 
efforts must be addressed to learning to produce a 
steady blast, and to generate and distinguish between 
the different sorts of flames. The operation of blowing 
should not be performed by means of the lungs, but 
with the muscles of the cheeks, the air is furnished as 
required to the cavity of the mouth, but breathing 
should proceed undisturbed through the nose. 
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FIG. 3. 



The flame of the blow-pipe^ possewies besides the 
property of furnishing a very strong heat, that of acting 
as a powerful chemical re-agent, and as such 
it must be chiefly studied. 

When we examine the flame of a common 
candle, we discoTcr that it is composed of 
four parts. At the base a small cresent a b 
with a clear blue colour; higher up an4 in 
the centre of the flame, the dark conieil 
portion c, sunrounding this is the luminous 
portion rf, and exterior to the two last is the 
scarcely perceptible mantle / e. The student 
has to remark the nature of two of these 
divisions: the exterior non-luminous part/ «, which is 
composed of gases already saturated with oxygen, that 
imder certain circumstances goes over to bodies with 
which the flame is brought in contact, and hence con- 
stitutes the ooBidizing flame ; and secondly, the luminous 
portion dy which consists of gases not yet saturated 
with oxygen, and therefore capable of extracting that 
element from easily reducible oxides, and hence called 
the reducing flame. 

When the point of the blow-pipe is held about one- 
third of the breadth of the 
wick in the lamp flame, as in 
fig. 4, Ik flame is produced by 
blowing' that is long, slenden 
and blue, is hottest at the 
outermost point a, and is an 
osndizing flame. This action, 
however, is strongest slightly 
beyond a, about d in the stream of heated gas. 

If now the point of the blow-pipe be held ^». xc^ 



HC.4 




24 THE METAIiLURGY OF COPPER. 

fig. 5^ somewhat higher than before^ and ^^fi^^-^^mte 

within the flame^ a lai^er and 
^^^■^ more luminous cone of burn- 

ing gases may be driven in 
the direction b c; within the 
bright portion of the flame at 
a, the above mentioned che- 
mical action on oxides takes 
place^ which causes this to be 
called the reducing flame. 




EXAMINATION OF MINERAL COMPOUNDS. 

The student may now commence the examination of 
the mineral substances^ the composition of which he 
wishes to discover. In this examination it is usual to 
piirsue a regular course as follows : — 1st. Heating the 
mineral in a closed glass tube such as is described on 
page 20. 2nd. Heating in an open tube, page 21. 
Srd. Trying in forceps before the oxidising flame to 
discover the colour of the light produced. 4th. Heat- 
ing the substauce alone on coal to observe whether it 
is volatile, and what kind of a sublimate it forms, and 
moistening the substance or sublimate with cobalt solu- 
tion to bring out a characteristic colour. 5th. Melting 
with borax and salt of phosphorus (glass fluxes) upon 
platinum wire, to observe the colours produced. 6tli. 
Tests in the humid way with acids and other re- 
agents. 

During this course of experiments, phenomena will 
generally be observed which will decide the nature of 
the substances present. The distinguishing charac- 
teristics in the behaviour of those metals or metalloids 
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that will be likely to be found during the examination 
of minerals containing copper^ or in the fluxes used in 
its metallurgic treatment^ are given briefly in the 
following list. 



BEHAVIOUR BEFORE THE BLOWPIPE OF SUBSTANCES 
LIKELY TO BE MET WITH BY THE COPPER SMELTER. 

1. Sulphur ; when heated in an open glass tube^ ores 
containing sulphur generally give off fumes of sulphu- 
rous acid, similar to those perceived when a common 
match is lighted. If a substance containing sulphur 
be melted with pure soda^ and the mass brought upon 
a dean silver coin and moistened with water^ a dark 
spot is formed. 

2. Selenium; when a small fragment of a mineral 
containing selenium is heated on charcoal^ an odour is 
observed similar to that of rotten horse-radish. 

8. Phosphorus gives when the substance that con- 
tains it is moistened with sulphuric acid and held in 
the forceps^ a green tinge to the flame. 

4. Chlorine. By saturating a bead of salt of phos- 
phorus on a platinum wire with the oxide of copper^ 
and then adding the mineral supposed to contain 
chlorine^ in case of its presence a deep blue colour 
will be given to the flame. 

5. Fluorine. By heating a substance containing 
this element in a glass tube with salt of phosphorus, 
the interior surface of the glass becomes etched or 
roughened. 

6. Silica {Qmrtz) when heated strongly with salt of 
phosphorus on a platinum wire^ swims in a skeleton* 
like fragment in the bead. 
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7. Arsenic in its yarioui componndB give a garligr 
odour^ and a white vapour when heated on charcoaL 

8. Antimony gives upon charcoal a white sublimate, 
but developes no odorous fumes. 

9. Copper gives with borax upon platinum wire and 
in the oxidation flame a greenish bead^ which on 
cooling becomes blue : in the reducing flame this bead 
becomes red with the suboxide. When its solution in 
acids is saturated with ammonia^ a beautiful and nn- 
mistakeable deep blue colour is produced. 

10. Bismuth gives on charcoal^ a sublimate which 
while hot is dark orange-yellow^ but when cooled, 
becomes citron-yellow. 

11. Tin, when heated on charcoal^ forms a white 
coatings which settles close around the assay, and 
reduces to metallic globules when treated with the 
reducing flame. With cobalt solution this coating 
becomes bluish-green. 

12. Lead forms a yellow coating on charcoal, which 
in the reducing flame changes its place with the exhi- 
bition of a bluish light. 

13. Zinc gives a yellow coating on coal, which 
upon cooling becomes white. When this coating is 
moistened with cobalt solution and heated in the 
oxidising flame, a yellowish green colour is produced. 

14. Nickel. In the oxidising flame and upon pla« 
tinum wire, with borax, the compounds of this metal 
give a reddish brown bead ; with salt of phosphorus, a 
yellow bead. The nickel reduces easily in the reduction 
flame, giving these beads a grey colour. 

15. Cobalt gives, with borax and salt of phosphorus 
in the oxidising and reducing flames, a beautiful 
blue bead. 
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16. Iron* The compounds of this metal give^ with 
borax^ upon platinum wire and in the oxidising flame, 
while hot a reddish, when cold a yellow bead, which in 
the reducing flame becomes bottle-green. 

17. Quicksiiver, when in combination, if heated in a 
closed glass tube with oxalate of soda, a grey metallic 
sublimate collects in the upper portions of the glass. 

IB. Manganese gives, with borax, in the oxidising 
flame, an amethyst-red bead, which when heated in the 
reducing flame becomes colourless. 

19. Alumina J when treated on charcoal, moistened 
with cobalt solution and brought to a glowing heat, 
becomes blue. 

20. Soda^ in any of its compounds, gives the blow- 
pipe flame an intense yellow colour. 

21. Silver. This metal is best sought for by melting 
the compound supposed to contain it — after roasting, 
when necessary — with test lead, and then bringing the 
globule produced, which will hold all the silver present, 
upon a layer of bone ash. By a continual oxidising 
flame the lead may be oxidised and driven into the ash, 
and the pure silver that remains behind, in the form 
of a bright grain, may be proven by its malleability 
beneath the hammer. This method of separating lead 
from silver is called cupelling. 

22. Gold. To discover gold in combination with 
other metals, as copper, &c., the substance should be 
cupelled ; the globule obtained will be recognised by 
its colour and malleability. When however silver is 
present in any quantity, the globule obtained will be 
white. In this case the silver may be dissolved out in 
nitric acid, and the gold will remain behind. 

As has been observed in a previous sectvoxi^^V^^^^J^ss^- 



U,8 THE METALLURGY OP COPPEB. 

pipe furnishes the most generally applicable means for 
a metallurgist to discover the nature of those substances 
with which he deals. Without other aids it is often 
sufficient to settle the mineralogical species to which 
his ores or their accompaniments may belongs and in 
all instances its use developes characteristics that aid 
essentially in classification. 

Ores are often subjected to such fine mechanical 
division before they reach the hand of the metallurgist, 
that simple attention to their obscured physical pro- 
perties will seldom lead to a trustworthy and definite 
conclusion regarding the interior nature of the minerals 
present. Crystallography must take a subordinate 
position in regard to its value for the determination of 
species^ since even where stamping has not been 
resorted to, distinctly crystallised specimens of ores are 
far from abundant, and with some varieties entirely 
unknown. 

All the natural compounds of copper that are likely to 
be met with by the metallurgist, and with the exception 
of several rare and doubtful species, and a few minerals 
that contain copper only as an occasional constituent, 
all that are recognised by mineralogists, will be found 
described in the following section. 
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CHAPTER IV. 

The Obss or Ooppxb, and the Kihebals oontainiito that Metal as 

AN Essential Constituent. 

Copper uncombined. 

Native Copper (Cu) generally occurs almost pure, 
massive, filiform, and arborescent ; lustre metallic, and 
colour yellowish-red. Hardness 2-5 to 3. Specific 
gravity 8*8, ductile, malleable, streak shining, cleavage 
imperceptible, fracture rough; before the blow-pipe 
(B.B.), fuses readily. Nitric acid dissolves it, giving oflF 
at the same time red fumes, and with ammonia a deep 
blue solution is produced. Occurs frequently in Corn- 
wall near Redruth and elsewhere; a mass of 122 pounds 
was obtained from Condorrow mine, Camborne. In 
Chili it is sometimes found containing 7 or 8 per cent, 
of silver. In the United States, near Lake Superior, 
it occurs abundantly, and a mass was discovered in the 
Minnesota mine which weighed 400 tons. 

Copper in combination with Arsenic. 

Domeykite (SCu^ + ^As), 71*7 percent, of copper 
and 28 per cent, of arsenic; occurs reniform and 
botryoidal; hardness 3 to 3* 5.; specific gravity 4*2; 
colour tin-white, sometimes bluish or dark, lustre 
metallic, streak shining. When heated in a closed 
glass tube it gives oflF water, and forms a sublimate of 
arsenous acid. B. B. fuses easily with an odour of 
arsenic to a yellowish mass, with soda and box^s^ ^\€s^^ 



30 THB METALLXTBGT OF COPPER. 

a globule of copper. This rare mineral is found in ChiU 
and Cornwall. 

Copper in combmation with Selenium. 

Selenide of Copper (Cu^Se), 61*6 per cent, of copper. 
Occurs in thin dendritic crusts ; soft, lustre metallic, 
colour silver-white. B. B. gives the odour of selenium 
and fuses to a grey bead ; on coal, with soda, copper is 
obtained. Occurs in the Hartz mountains. 

Eucairite ([Cug Ag] Se), 25*3 per cent, of copper, 
43*1 per cent, of silver. This mineral is found massive 
or in blaek metallic films, lustre metallic, and colour 
light lead, streak shining. B. B. acts as selenide of 
copper j but by cupellation gives a globule of silver. 
This is a rare mineral, from Sweden. 

Copper in combination with Sulphur. 

Copper Glance, or Redntthite (CugS), copper 79*8 
per cent., sulphur 20*2 per cent. Occurs massive, com- 
pact, or granular. Hardness 2*5 to 8, specific gravilpgr 
5*5 to 5*8. Colour and streak dark lead-grey, surface 
often tarnished, fracture conchoidal. Heated in an 
open glass tube, gives a strong odour of sulphurous 
acid. B. B. on charcoal, melts easily to a globule, which 
boils and gives oflF sulphurous acid gas ; powdered and 
treated with neutral oxalate of potash in the reducing 
flame gives metallic copper. When quite pure this 
mineral may be cut with a knife and melted in the 
flame of an ordinary candle : the sulphide of iron is 
often present in it as an impurity, and this interferes 
with the hardness and ftisibility of the mineral. Com* 
wall affords splendid crystals in the form of a modified 
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rhombic prisma and it occurs there in veins with other 
ores of copper. It is also found at Fassnetbiim^ in 
Haddingtonshire^ in Ayrshire ; and Fair Island, Scot- 
land ; in Connecticut^ Nova Scotia^ and Saxony. 

Vorieffoted dapper ore (SCugS + FeaSg), 55*7 per 
cent, copper^ 16*4 per cent, iron, and 28*1 per 
cent, sulphur; crystallises occasionally monometric^ 
granular, lustre metallic, hardness 3 to 4, gravity 
4*4 to 5, colour copper-red to pinchbeck-brown, tar- 
nished, streak greyish-black, fracture conchoidal and 
uneven, brittle. When heated in an open tube, it 
gives off sulphurou. fames, but forms no subUmate. 
B» B. on charcoal melts readily to a globule, which is 
magnetic and brittle, and has a grey fracture; well 
roasted it gives, with borax and salt of phosphorus, the 
re-action of iron and copper. This mineral occurs 
with other copper ores in Cornwall, particularly at 
Tincrofi; and Dolcoath mines, where it is called by the 
workmen '^ horseflesh ore-'* It is also found at Ross 
Island in KiUamey, in Tuscany, and in Connecticut 
and Pennsylvania- 

Indigo Copper (CuS), 66*5 per cent, of copper, 
33*5 per cent, of sulphur; sometimes contains iron and 
lead as impurities; occurs massive, spheroidal, or as a 
coating, lustre resinous, cleavage complete, hardness 
1"5 to 2, gravity 3*8, colour blue-black, streak leadr 
grey, thin leaves, flexible, crystallisation hexagonal. 
When heated in an open tube gives oiF sulphurous 
fumes, and by high heat a sublimate of sulphur. B. B. 
bums, after becoming red hot, with a blue flame, and 
yields upon reduction a button of metallic copper. Occurs 
occasicmally in Saxony, and abundantly in ChilL 

TenMiUUe ([Cu^S + FeS]^ AsS,), 40 to 50 per 
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cent, of copper; lustre metallic^ hardness 4^ gravity 
4*4^ fracture uneven^ cleavage imperfect, crystallises 
monometric. Heated in a closed glass tube generally 
decrepitates, and gives a sublimate of sulphur and 
arsenous acid. B. B. on coal, melts with effervescence 
and sulphurous fumes to a dark grey magnetic globule. 
After being well roasted, it gives with borax the re- 
action of iron and copper. This mineral occurs at a 
number of places in Cornwall, but particularly near 
St. Day and Redruth, in splendid crystals with other 
ores of copper ; also in Norway and Algeria. 

Enargite (3 Cug AsS^), 48*2 per cent, copper, 32*6 
per cent, sulphur, and 19*1 per cent, arsenic; occurs 
massive and granular, lustre metallic, hardness 3, 
gravity 4*4, colour iron-black, streak black, brittle, 
crystallises trimetric. Heated in a close tube enargite 
gives, after decrepitating, a sublimate of sulphur and 
sulphide of arsenic, which is of a reddish yellow colour. 
B. B. on coal, gives fumes of arsenous acid, oxide of 
antimony, and oxide of zinc, and in the reduction flame, 
with borax, yields a globule of copper. Occurs in 
large masses, at a height of 15,000 feet, on the Cordil- 
leras of Peru. 

Grey Copper ([Cu^S, FeS, ZnS, AgS] * [SbSg AsSg]), 
contains 30 to 40 per cent, of copper, and in some 
instances as much as 10 per cent, of silver. Texture 
closely granular and compact, lustre metallic, crys- 
tallises monometric, hardness 3 to 4*5, specific gravity 
4*5 to 5*1, colour steel-grey to iron-black, streak 
sometimes inclined to brown, but generally the same 
as the colour, in thin splinters the mineral is some- 
times cherry red, fracture uneven, brittle. Heated in 
a closed glass tube melts sometimes with decrepita- 
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tion, and gives with a very strong heat a dark red 
sublimate of the sulphide of antimony. When the ore 
contains quicksilver, as is sometimes the case, the 
sulphide of that metal is sublimed at a low red heat, 
and collects on the glass in the form of a dark ring. 
B. B, on charcoal melts easily to a bead, gives off much 
vapour, and covers the coal with the white oxide of 
antimony, and in some instances with the oxide of zinc 
and lead. After roasting and melting on coal with soda, 
metallic copper may be obtained. The silver that may 
be present is sought for by .melting the roasted ore 
with lead and borax-glass, and cupelling. The Cornish 
mines near St. Austel afford excellent crystals of this 
species ; also found in Freiberg in Saxony, Kremnitz in 
Hungary, and the mines of North Carolina. 

Copper Pyrites (CuaS + FogSg), copper 34*6 per 
cent., iron 30-9 per cent., sulphur 34*9 per cent. ; occurs 
massive or in dimetric crystals, lustre metallic, colour 
brass-yellow, hardness 3*5 — 4, specific gravity 4*1, often 
iridescent, streak greenish black, a little shining, 
opaque, fracture uneven, conchoidal. B. B. on charcoal, 
blackens, but becomes red on cooling; melts easily to a 
globule, which is black, rough, and magnetic. Powdered 
and roasted on coal until all the sulphur is driven off, 
affords, with borax and salt of phosphorus, the re- 
actions of copper and iron ; dissolves in nitric acid, 
forming a green solution, which a drop of ammonia 
changes to a deep blue. This is the principal ore at the 
mines in Cornwall : it is there associated with the oxide 
of tin, variegated copper, copper glance, grey copper, 
galena, and blende. The ore, when picked and ready 
for sale, rarely yields 12 per cent, of copper, generally 
but 7 or 8, and occasionally but 3 or 4. Ita TvcJccaRs.^ 
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may often be judged by its colour ; if a fine yellow hue 
and readily yielding to the bammer^ it may be con* 
sidered good^ but if bard and pale yellow^ it is poor 
&om admixture with iron pyrites. Copper pyrites ia 
readily distinguished from iron pyrites^ which it aom«« 
what resembles^ by its inferior hardness ; it may be cut 
with a knife^ while iron pyrites strikes fire with sted. 
It differs from gold, for which it has been nustakea, 
by being brittle ; hence it cannot be cut off in slices 
like that metal, and moreoTcr gold is not attacked b; 
nitric acid. This ore is common in Sweden, in the 
Hartz, in Tuscany, and in various parts of the United 
States, Canada, and Australia. 

Copper Bismuth Glance (CugS + BgSg), coppex 
18*9 per cent., generally in thin striated prisms, lustre 
bright metallic, colour greyish or tin-white. In the 
open tube melts, gives off sulphurous fumes, and 
fwms a white sublimate of the sulphate of bismuth; 
with stronger heat the specimen boils, and surrounds 
itself with melted oxide of bismuth. S. B. fuses 
easily, with intumescence, and gives with soda a 
globule of copper. This is a rare mineral from the 
Black Forest. 

Sulphide of Silver and Copper (CugS^-AgS), 
copper 31*1 per cent., silver 53*1 per cent. ; massive aiui 
compact, lustre metallic, colour dark steel^rey, streak 
shining, fracture subconchoidal. Heated in the open 
tube this mineral gives off sulphurous fumes, but forms 
no sublimate. B. B. gives a copper and sometimes, by 
season of impurities, an iron re-action; by cupellation a 
globule of silver may be obtained. Dissolves in nitric 
acid. The blue solution thus formed precipitates silver 
on an immersed copper plate. Occurs with iron pyrites 
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in Sibem; also in Silesia^ Chili, and Peru, and in the 
silver mines of Arizona. 

Tin Pyrites (CuaS [Sn^Sa, Fe^Sg]), copper 29-7 
per cent., tin 27'3 per cent., iron 13-1 per cent. This 
mineral occurs massive or in grains, its lustre is metallic, 
streak black, colour steel-grey to iron-black, and has 
sometimes a bluish tarnish, £racture uneven. When 
heated in an open tube it gives sulphurous fumes and a 
slight sublimate of the oxide of tin. B. B. on charcoal, 
sulphur is expelled, and afterwards a dark scoriaceous 
globule is obtained; the coal is coated with the oxide of 
tin. With soda gives a globule of impure copper. At 
Huel Bock, in the parish of St. Agnes, Cornwall, this 
species accompanies iron pyrites and blende ; it is found 
in the granite of St. Michaels Mount, and in Saxony. 

Antimomal Copper (CuaS + Sbj^Sg), with 2^'S per 
cent, oi copper, crystallises in columnar prisms, lustre 
metallic, streak black, colour dark lead-grey, hardness 
3, gravity 4-7. When heated in an open tube gives off 
sulphurous fumes and vapor of antimony, which con- 
denses on the glass. B. B. on charcoal, decrepitates, 
fuses readily, and gives a sublimate of antimony; and 
after a strong heat, with soda, a globule of copper. 
Otxsurs in the Hartz* 

Cuban (CuS •+■ Fe^S^), 19 per cent, of copper; 
oceurs crystallised in cubes or massive, colour between 
bronze and brass-yellow, streak dark brown, hardness 4, 
specific gravity 4, B. B. fuses readily, giving off sul- 
phurous fumes, shows more iron, but otherwise re-acts 
as variegated copper. Is found among the ores at 
Bsorracanao in Cuba. 

Baumcmie (3 [Cu^S, Pb] S + Sb^S^), with 12-8 
percent, of eoppei*, and 41*8 per cent, of lead ; occux^ 
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massive^ granular, or compact, crystallises trimetric, lustre 
metallic, hardness 2'5-3, gravity 5*8, colour and streak 
steel-grey or darker, brittle. In closed tube this species 
gives a dark red sublimate. B. B. on charcoal, fuses 
easily giving off fumes of sulphur and antimony; in 
strong heat the charcoal is covered with oxide of lead. 
In nitric acid dissolves, ^ving a blue solution. This 
mineral was first found at Edillion, near Redruth; it 
also occurs at Beeralston, in Devonshire, in Ghili, in 
the Hartz, and in Saxony. 

Aikinite (3 [CuaS PbS] + BigSg), with 11 per cent, 
of copper; occurs in slender trimetric crystals, and 
massive, hardness 2, specific gravity 6'5, lustre metallic, 
colour blackish lead-grey or reddish, fracture uneven. 
When heated in an open tube gives a white vapour and 
a sulphurous odour. B.B. on coal, melts easily, forming 
a yellowish white sublimate, and with soda reduces to a 
metallic bead. Occurs in Siberia, and in the United 
States at the Lubec mine in Maine. 

Cuproplumbite (CugS, PbS), copper 19*9 per cent., 
lead 65 per cent. ; occurs massive or granular, or in 
cleavable grains; lustre, metallic; hardness, 2*5; 
specific gravity, 6*4; colour, dark lead-grey; streak, 
black; crystallises monometric. When heated in the 
open tube, fuses and gives off sulphurous fumes. B. B. 
on charcoal, gives a coating of the oxide of lead, affords 
a metallic globule which, when melted with borax- 
glass, gives copper. 

Combinations of Copper with Chlorine. 

Atacamite (Cu CI 4- 3 [CuO -h HO]), giving 59-4 
per cent, of copper; occurs in plates, massive, or in 
trimetric crystals; lustre, adamantine; hardness, 3 to 
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3*5; specific gravity, 4'3; colour, various shades of 
bright green, sometimes dark greeny streak, apple- 
green, translucent. B. B. tinges the outer flame, when 
heated alone, blue, and gives off fumes of hydrochloric 
acid. On charcoal the copper is readily reduced to a 
metallic state. Occurs in various parts of Chili, in 
South Australia, and in Saxony. It is ground to a 
powder, and sold in Chili under the name of Arsenillo, 
as sand for drying letters! 



Combination of Coppei^ tvith Oxygen, 

Red Copper [Cu^O], with 88*8 per cent, of copper, 
occurs massive or granular, and in beautiful mono- 
metric, crystals, sometimes earthy ; lustre, adamantine, 
submetallic; hardness, 3*5 to 4; gravity, 6; colour, 
red, of various shades, occasionally crimson by trans- 
mitted light ; streak, brownish red and shining ; frac- 
ture, conchoidal and uneven. B. B. on charcoal, in 
the reducing flame gives a globule of copper; dissolves 
with effervescence in nitric acid. Occurs finely crys- 
tallised at Huel Gorland and other Cornish mines, in 
Tuscany and New Jersey, and the Lake Superior 
region, and abundantly in South Australia. 

Black Oxide of Copper [CuO], 79*8 per cent, of 
copper; generally occurs massive or earthy; hardness, 3; 
specific gravity, 2*5 ; lustre, dull ; colour, dark steel- 
grey or black; streak, shining. B. B. yields readily 
in the reducing flame a globule of copper. At Copper 
Harbour, on Lake Superior, 40,000 lbs. of this ore was 
removed from a vein in the conglomerate. It is also 
found in the Hartz, and in Saxony, and is abundant at 
the Bnrra Burra mine in South Australia* 
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Crednerite (3 CuO + 2 MhjOj), 87 per cent, of 
copper, occurs in leaves^ and poeeessea a perfect 
deaya^; lustre, metallic; hardness, 4*5; specific 
gravity, 5; colour, dark steel-grey; streak, black <^ 
brown. B. B. fuses witb difficulty on the edges ; with 
borax, gives a dull violet, and with salt of phosphorua a 
green glass. In hydrochloric acid dissolves, giving off 
fiunes of chlorine, to a green solution. Occurs in the 
Thuringian forest. 

Copper in combination with Adds. 

Sulphate of Copper (CuO, SO3 + 5 HO), with 25-3 
per cent, of copper, occurs amorphous or in tridinic 
crystals; lustre, glassy; hardness, 2*5; gravity, 2*2; 
colour, Berlin blue to sky blue; streak, uncoloured, 
translucent; taste, metallic; somewhat brittle. In 
closed tube swells, gives oflF water, and becomes white ; 
mixed with powdered coal, gives sulphurous acid 
fumes. B. B. on charcoal and with soda gives metallie 
copper. This mineral is found dissolved in water which 
issues from mines, and in connection with rocks ccm* 
taining copper pyrites. It is produced in large quan«> 
tities in Wicklow and Angleaea, also in Spain and 
Tennessee. 

Brochantite (CuO, SO3 + 3 CuO, HO), with 56 per 
cent, of copper, massive, «r columnar ; hardness, 3-5 ; 
i^)ccific gravity, 3*8; lustre, vitreous; colour, dark 
green ; streak, pale green, translucent. B. B. reduces 
with effervescence to a copper globule, which on cooling 
becomes hhxk. Occurs near Boughten Gill in Cumber^ 
land and in Mexico. 

Unariie (PbO, SO3 + CuO, HO), with 15-7 per 
cent, of copper,, is found in the form of moiMMdinic 
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eijstBla, sometimes an inch long; lustre, Yitreoas; 
hardness, ^'5 ; specific gravity, 5*4 ; colour, deep azure 
blue; streak, pale blue, translucent. In closed tube 
gives off water, and loses its colour. B. S. reduces, 
and with strong heat gives a sublimate of oxide of lead. 
Occurs at Boughten Gill and LeadhiUs. 

ConnelUte, probably a compound of the sulphate and 
the chloride of copper, crystallises in hexagonal prisms, 
with truncated edges; lustre, vitreous; colour, fine 
blue, translucent; occurs associated with arsenate of 
copper in Cornwall. 

Phosphochalcite ([CuO]«, PO^ + 3 HO), 56-4 per 
ent. of copp er, occurs massive or indistinctly fibrous 
or crystallised trimetric; hardness, 4*5; specific gravity, 
4*4 ; lustre, adamantine ; colour, dark emerald green ; 
streak green; fracture uneven. In closed tube gives 
off water, and becomes black. B. B. on coal melts 
to a dark vesicular globule, which contains a kernel of 
metallic copper. With borax or salt of phosphorus, 
gives the reaction of copper. Occurs at Vimeberg on 
the Bhine, and in North Carolina. 

Phosphate of Copper ([CuO]*, PO^ + HO), with 
52 per cent, of copper, globular and compact ; crystals, 
trimetric; lustre, resinous; hardness, 4; specific gravity, 
3'7 ; colour, olive green, translucent ; fracture; uneven. 
B. B. acts as phosphochalcite. Occurs in small quan- 
tities near Gunnislake CcMrnwall, and in Bolivia and 
ChiU. 

ChalcaUie ([CuO] », PO5 + [U^Og] *, PO^ + 16 HO), 
crystallises dimetric; cleavage, perfect; lustre, ada- 
xaantine aad pearly, translucent ; colour, green ; hcnrd- 
ness, 2 > specific gravity, 8*5 ; streak, green. B. B. 
fustts to a black mass, colouring the flame Mulsh ^e^^^xs^s 
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gives with borax a green glass^ which becomes reddish 
brown in the reduction flame ; in nitric acid forms a 
yellowish green solution. Found at Ounnis lake^ Tin 
Croft, Huel BuUer, and elsewhere in Cornwall ; also in 
Saxony and Belgium. 

Malachite (2 CuO + COg + HO) contains 57*3 per 
cent, of copper; usually occurs in globular forms, 
massive or incrusting; structure, radiating; crystals 
monoclinic; fibrous varieties, silky; colour, bright 
green; hardness, 3*5 to 4; gravity, 8'7; streak, pale 
green, translucent to opaque; fracture, uneven. In 
glass tube yields water of a dark colour. B. B. on coal 
fuses and affords a globule of copper ; with borax«gives 
a green glass. Dissolves with effervescence in acids, 
and also in ammonia. Occurs in Cornwall and Cum- 
berland, at Chessy in France, in the Ural Mountains 
in large masses, abundantly in South Australia, and in 
various parts of the United States. 

Azunte (2 CuO, COg + CuO, HO), with 55-1 per cent, 
of copper ; massive, dull, and earthy ; lustre, vitreous ; 
crystals, monoclinic; hardness, 3*5 to 4; gravity, 3*6; 
colour, various shades of azure blue ; streak, light blue, 
translucent ; fracture, conchoidal. B. B. acts as Mala- 
chite. Occurs at Wheal Buller, and at other places in 
Cornwall, at Chessy near Lyons in small quantities, at 
Alston Moor and in Pennsylvania. 

Aurichalcite, a carbonate of the oxides of copper and 
zinc, with 23*2 per cent, copper. Occurs in acicular 
crystals, forming iucrustations, also granular; hard- 
ness, 2 ; lustre, pearly ; colour, green, translucent. In 
closed tube gives off water, and becomes black. B. B. 
with soda and borax on coal, gives a coating of the 
oxide of zinc, and reduces to a globule of metallic 
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copper. Occurs at Matlock in Derbyshire, at Boughten 
Gill, and also in Hungary. 

Aphanesite ([CuO]«, AsO^ + 3 HO), with 50 per 
cent, of copper, and 30 per cent, arsenic acid, occurs 
massive or radiated with perfect cleavage; crystals, 
monoclinic ; lustre, pearly; colour, dark verdigris 
green, to blue, translucent. B. B. deflagrates, melts 
easily, gives fumes of arsenic, and reduces to a metallic 
globule. Occurs in Cornwall with other salts of copper, 
and also in Saxony. 

Olivenite ([CuO]*, [AsO^, POJ + HO), with 46-2 
of copper, occurs in fibres, plates, or granular; when 
crystalline, trimetric; lustre, adamantine, sometimes 
pearly; hardness, 3; specific gravity, 4!" 2 ; colour, olive 
to dark green, also wood brown; translucent to opaque; 
brittle. B. B. in the forceps colours the flame greenish, 
and melts to a bead^ which is brown and crystalline on 
cooling. On coal fuses, giving off arsenical fumes, to a 
brittle metallic globule, which on cooling becomes 
covered with red scoriae. Crystals of this mineral occur 
on quartz at the Cornish mines, also at Alston Moor, 
in Chili, and other places. 

Euchroite ([CuO]S AsO^ + 7 HO), crystaUises 
trimetric, with striated faces ; lustre, vitreous ; colour, 
emerald green; hardness, 3*5; specific gravity, 3*3; 
translucent fracture, uneven. In closed tube gives off 
water, and melts to a dark green mass. On coal melts 
with detonation, and reduces to a globule of malleable 
copper. This is a rare mineral found in Hungary. 

Copper Froth; Oxide of copper, 43*8 per cent., 
arsenic acid, 25*4 per cent., occurs usually foliated, 
globular, or massive; hardness, 1 — 2; gravity, 3; 
lustre, pearly ; colour, greenish blue, translucent. In 
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dosed tube girea off water, decrepitates, and grows 
dark. On coal, melts, giving off arsenious vapouars^and 
reducing, with soda, to a metallic globule. Dissolves 
in adds. Is £3und in Hungary, Saxony, and Siberia. 

ErinUe, ([CuO]*, AsOj + 2 HO), 599 per cent, 
of the oxide of copper, 37*4 per cent, arsenic add. In 
concentric crystalline groups^ fibrous and rough, traces 
of cleavage ; hardness, 4*5 ; specific gravity, 4 ; lustse^ 
resinous; coloiur, green; streak, green, translooeal. 
Decrepitates when heated in a glass tube. On chaf' 
coal, reduces, giving off an odour of arsenic, and at 
length a malleable globule of copper is foarmed. 
Erhnte occurs associated with oth^ arsenates in 
County Limerick, Ireland. 

lArocanite, 35 per cent, oxide of copper, with arsenic, 
phosphoric add and water, crystalline form, trimetxic, 
rarely granular ; lustre, vitreous ; hardness, 2 ; specific 
gravity, 2*8 ; colour and streak, greenish blue. When 
heated in a closed tube, loses water and becomes olive 
green. B. B. on charcoal melts with the developm^it 
of arsenical vapours to a slag. Dissolves in nitric add 
without effervescence ; occurs, with various ores of 
copper pyrites, and quartz, at Huel Gorland and Huel 
Unity, in Cornwall, also in Hungary. 

Chromate of Lead and Copper, (3 [CuO PbO] -f- 2 
Cr O3), containing 8-& per cent, of copper. Is found 
granular and amorphous, lustre adamantine, crystalline 
form, monocUniCy colour, dark green to black, nearly 
opaque ; streak, greenish. B. B. on coal swells, mdts 
with effervescence to a dark green globule with specks 
of lead. With borax, in oxidising flame, gives a dark 
green glass, which in the redudng flame is red. This 
mineral is found in Siberia, France, and New York. 
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Vanadate of Copper, ([CuO, CaO] S VO3 + HO), with 
48*5 per cent, of copper, occurs finely crystallised, in a 
hexagonal form, also globular or as a coating; lustre 
fatty; hardness, 3 to 3*5; specific gravity, 3*5; colour, 
dark green or grey; streak, yellowish green, trans- 
lucent. In a closed glass tube, when heated, gives off 
water and becomes black. B. B. on coal melts easily 
to a slag which holds particles of metallic copper. 
With salt of phosphorus on platinum wire, gives a 
pearl which is yellow in oxidising flame and green in 
reducing flame. Occurs in the Thuringian forest and 
in tiie Lake Superior region* 

Emerald Copper, (» CuO + 2 SiOg + 3 HO) with 
39*9 per cent, of copper, crystallises rhombohedral, with 
perfect cleavage ; hardness, 5 ; specific gravity, 3'3 ; 
lustre, vitreous ; streak, green ; colour, emerald green, 
translucent ; fracture, conchoidal. B. B. decrepitates, 
tinging the flame yellowish green, and in the outer 
flame becomes black, in inner flame red, but does 
not melt ; fuses, with borax, to a green globule, and is 
finally reduced to metallic copper. Insoluble in nitric 
acid, but soluble in hydrochloric acid, lliis beautiful 
mineral is fotind in Siberia and in Nassau. 

ChrysoeoUa (3 CuO + % SiOg + 6 HO) with 35-7 
per cent, of copper. Globular and massive, occurring 
as a crust; lustre, vitreous or earthy; hardness, 2 — 8; 
specific gravity, 2*1 ; colour, green, passing into blue, — 
often brown ; streak, white, translucent or opaque. 
B. B. acts as Emerald Copper. Pound, accompanying 
other ores of copper, in Cornwall, also in Saxony, Nova 
Scotia, Chili, South Australia, and Lake Superior. 
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CHAPTER V. 

Thi GioiioaT, MuriKa ahd Mbohakioal Prbpasation of thi Oris 

OF CoPPEB. 

With the exception of iron, the ores of no metal 
used extensively in the arts are more generally 
distributed than those of copper. Scarcely a political 
division exists upon the eartVs surface where they do 
not occur in workable quantities. A glance at the 
Chapter devoted to statistics will show that^ although 
England^ Chili^ Cuba^ and the Lake Superior region of 
North America at present furnish most of the copper 
in commerce, the entire production is by no means 
engrossed by these countries, as Spain, Austria, Cali- 
fomia, and Peru may be said to engross the quicksilver 
production, or as Cornwall, and Devon, and the East 
Indies almost do with tin. 

Nor is the old theory that sought to establish a 
relation between the occurrence of certain metals and 
the position of the various zones of temperature, — ^thus 
placing copper, with iron, near the poles, and gold and 
silver in the equatorial regions, — ^found to rest upon a 
general knowledge of facts. Copper veins pierce the 
formations that lie between the tropics as abundantly 
as those that are cut by the polar circles. It was one 
of the metals mined in the dominions of the Incas, 
whose possessions extended across the equator, and the 
ancient Indian term for the Andes is said to signify 
*' copper mountains,'' while in Norway the ores of the 
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cosmopolitan metal are wrought in the frigid region 
around the North Cape. 

Nor is its occurrence confined to any particular 
geological group. Each of the chief members of the 
strata which compose the solid earth-crusty at least as 
far up as the chalky have been found penetrated, more 
or less abundantly by its lodes, and it is probable that, 
under certain circumstances, its deposition may still be 
going forward. 

The following table will furnish a rapid view of the 
ages, as nearly as have been determined, of some of the 
most important copper deposits of the earth, and at 
the same time will be found useful in giving the 
established succession of British formations. Although 
it will be observed that in geological chronology no 
exclusive '^age of copper'' can be pointed out, yet 
about the time of the deposition of the Permian and 
Trias formations, the introduction of that metal among 
the rocks, appears to have been much more extensive 
than during other periods. This age is represented in 
England by the Cornish deposits ; in Germany by the 
Kupferschiefer, and in America by what has been 
denominated by some geologists, ^Hhe copper trap." 
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K™« of Group.. 


Iiocalltf at Caiffti depoalt. 




Becenl. 


Iq nmaded muwB on the Bhoroa of Lake 




TertLu,. 




i 


CllAllc. 


In Algiarg near the Mouiia pass. la CMli. 


Woldcouui 
OoUta. 


Tlis Bonat in AnatHa. 


Lias. 




Triflfl. 


ChesE; in France. TLe depasita of Lake 
BnpGrior, Connecticut, New Jereey, and 
PeansjlTania, acconling to some authors. 




Fermlan. 


Western flanliE of tlie Ural moantaiRe, Mans- 
feld in PiTiasia, in Hesse, in Tliuringia. 
The copper lodea of Cornwall tliough oo- 
currine in a inuBh older rock. 






Davoman. 


The lodeo of Wexford, Ireland, at tlie doso of 
tliiB or beginning of following group. 


SilurittO. 


EaBlem flank of the Ural mouat^os. 




Metamorpliio. 


Alten, Korwij, and most of t!io deposits of 
Norway and Sweden. In the" A!pa, Col- 
eahamha, Chili, and in Pern. 
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THE FORMATION OF VEINS. 

Many eircumstanoes oounected with the occurrence 
o£ the ores of copper and other metals^ are best 
explained by a reference to the theory which has been 
devised after long observation^ to explain the xnann^ 
in which veins are formed. 

The solid surface of the earth by an unequal cooling 
o£ its different parts ; by the dissolving out and con- 
sequent sinking of limited portions; or by means of the 
vilHrations caused by earthquakes, has been rent by 
narrow clefts or fissures whose length and depth are 
indefinite, but whose width seldom exceeds a few 
jGathoms, and is generally only a few feet. These clefts 
extending deep into the earth and forming un- 
obstructed openings between strata of different in- 
clination or nature, naturally became passages for the 
circulation of water. This fluid at a high temperature, 
and under the great pressure of the superincumbent 
mass, and while holding in solution carbonic acid and 
other chemically active substances, is known to be a 
solvent, in one or another form, of all the elements 
found in veins. 

Now water after filtering through several thousand 
feet of a rock holding even a very minute quantity of a 
soluble metallic compound, would become gradually to 
a certain extent saturated with it, and then flowing 
into a cleft where a circulation of currents was going 
forward, would, upon receiving a new temperature, or 
rising to a zone of lower pressure, or coming in contact 
with some new chemical compound, deposit the metallic 
substance upon the walls of the cavity within. H(\^QdEL 
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the change happened to take place. This process 
going on for a long series of years would at length fill 
the crevice^ and a mineral vein would be formed. 
That lodes are sometimes otherwise produced — as, for 
instance, by the condensation of vapours issuing from 
a heated mass below, or by segregation from the 
surrounding rock — there can be no doubt, but these 
are exceptions to the general rule of formation. 

Mineral veins rarely occur singly The discovery of 
one in any district may be considered a good evidence 
that others exist in the vicinity, for a convulsion so 
general as an earthquake would naturally produce 
numerous fissures, and their filling would go on 
simultaneously. But not only do veins form contem-^ 
poraneous systems, but these systems are, as a rule, 
similar throughout in the general character of their 
ores, and are composed of veins having a direction 
nearly parallel to each other. Further, it is found, 
that frequently a vein, or a system of contemporaneous 
veins after having been completely formed, has been 
rent by clefts running in another direction; and that 
these subsequently became filled with substances 
diflfering in nature from those filling the first veins. 
This second system may be intersected by a third and 
of course younger formation, and so successively 
forward, the fact of cutting or being cut deciding the 
relative age of the vein or the system. 

Observations made at the place of intersection of 
various veins or lodes have often enabled geologists to 
fix the age of mineral deposits to be very difPerent firom 
that which at first sight would seem to be the case. 
Thus, although many of the Cornish odes are in 
granite, they have been proven to be the production of 
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a period £eir more recent than the formation of that 
rock ; and by the following ingenious course of reason- 
ing, for which we are indebted to Sir Charles Lyell, 
have been shown to be vastly younger than the copper- 
bearing lodes of Wexford in Ireland. 

In Cornwall the granite was first formed, then about 
the same period the veins of fine-grained granite, often 
tortuous, penetrating both the outer crust of the 
granite and the adjoining fossiliferous or primary rocks 
including the coal measures; thirdly, elvans, holding 
their course straight through granite, granitic veins, 
and fossiliferous slates; fourthly, veins of tin also 
containing copper, the first of the eight systems ot 
veins which have been traced in Cornwall. Here then, 
since the second system mentioned is already younger 
than the coal measures, the fourth system must belong 
to a still later epoch; and although the exact age of 
the lodes is difiScult to determine, it is quite clearly 
established that they are not newer than the beginning 
of the Permian formation. 

Now to turn to the Irish mining district. We have 
granite in Wexford traversed by granitic veins which 
veins also intrude themselves into the Silurian strata, 
the same Silurian rocks, as well as the veins having 
been denuded before the Devonian beds were super- 
imposed. Next we find in the same country that 
elvans, or straight dikes of porphyritic granite, have 
cut through the granite and the veins above mentioned, 
but have not penetrated the Devonian rocks. Sub- 
sequent to these elvans, veins of copper and lead were 
produced, being of a date certainly later than the 
Silurian and older than the Devonian, for they do not 
enter the latter. 
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Thus not only are the ages of the two series of veins 
settled^ but the remarkable conclusion arrived at that 
between the formation of the ores of Wexford and the 
ores of Cornwall intervened that immense period during 
which the old red sandstone and the coal measures 
were deposited. 

By similar methods of reasonings several of the 
conclusions given in the last column of the foregcxLng 
table have been arrived at. 

Copper however is not always won from deposits 
such as have been described. It occasionally occurs 
disseminated in workable quantities through limited 
beds of sandstone or shale, generally in the Permian 
rocks, as, for instance, in Mansfield in Prussia, where 
its ores are scattered through a thin bituminous layer, 
known as the Zeebstein, which has been traced for 
many miles. The peculiarity of these ores renders it 
expedient to adopt in their treatment a peculiar 
metallurgic process, which will be found described 
under its proper head. 

It follows from the above general considerations 
regarding the formation of veins, that no comprehen- 
sive rule can be given for the discovery of metallic 
deposits. Especially is this the case where the explorer 
finds himself in a country geologically unknown, and 
where as yet no evidences of mineral wealth have been 
disclosed. Under such circumstances the discovery is 
often due to chance, and the knowledge of many of 
the important mining districts of the world may be 
traced within historic times to such a source: as for 
instance the placers of California, and the silver, copper, 
and lead region about Freiberg in Saxony, 

But let a single vein be found, and the search for 
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other veios assumes a more systematic character; 
though even here infallible rules suited for every 
district are impossible^ $xid long experience accom- 
panied by a sound judgment will lead to more valuable 
results than any course resting entirely upon theo- 
retical deductions. Blindly trusting exclusively to the 
one or the other of these methods of searching for 
truths has led to the formation of many so-called rules 
which are either local or false. A few however that 
are founded on both^ are worthy of the attention of 
every explorer. 



RULES FOR SEARCHINO FOR METALLIC DEPOSITS. 

!• Yeins are found more abundantly in the older 
crystalline rocks^ than in the newer stratified formations. 

2. Yeins are more abundaut in mountainous and hiUy 
regions than in the even land. 

3. Metallic deposits are more abundant and richer 
in the vicinity of eruptive rocks^ such as elvans or 
granitic veins^ than at a distance from them. 

4. Veins may frequently be discovered by observing 
the peculiar form or colour which is displayed by the 
surface of the land ; thus^ in the copper region of Lake 
Superior^ the miners are guided in their search for the 
veins of native metal by the narrow valleys which, in 
consequence of the friable nature of the vein-stone, 
have been scooped out by the action of water, above 
the valuable mineral. Circumstances of an opposite 
character exist in Algeria, where a lode containing gray 
copper accompanied by a refractory vein-stone of heavy 
spar and spathic iron, traverses a soft marly formation. 
The easily decomposed enclosing rock has been carried 
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away by atmospheric agencies^ and the veins remain like 
walls above the 8ur£eM^. 

In uncultivated regions the fragments of the vein 
are often found scattered upon the surface^ or colouring 
the soil by their decomposition. 

5 . Sprin gs issuing from the neighbourhood of metallic 
deposits often hold salts in solution^ indicating the 
presence of certain ores. 

6. The action of water in washing away the clay and 
soil that hide the solid rock in which lodes occur^ is of 
essential service to the explorer, and in many instances 
veins have been discovered by tracing the fragments of 
ore and vein-stone found in the bed of torrents back to 
the source from which the current had dislodged them. 

The method of searching for mineral deposits as 
practised by the Cornish miners, is called shoding or 
costeaninff, and is applicable where the general direction 
of the veins is already known, or where the position of 
the vein to be sought is nearly ascertained. It is 
carried out by sinking a number of shode pits each 
about 3 feet in width, 6 feet in length, and having a 
depth sufficient to pierce the alluvial deposits and enter 
the subjacent rocks, in a line at right angles to the 
supposed direction of the lode. To avoid missing any 
trace of ore which may exist between these pits, they 
are joined at their lowest points by galleries cut through 
the rock, which give an opportunity for a more complete 
exploration. When the direction of the vein is not 
approximately known, this line of pits is crossed at 
right angles by a second line, and a second gallery is 
driven, by which means, if any vein occur, it cannol 
fail to be detected. 

The upper portions of many copper lodes, and 
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especially those of Cornwall^ consist of quartz^ more or 
less full of cavities^ and largely mixed with earthy 
brown iron-ore. This is called gossan^ and its dis- 
covery is hailed as the precursor of wealth below^ and 
where the black oxide of copper is plentiful among the 
ferruginous matter, the abundance of copper-ores 
further from the surface may be confidently expected. 

Before entering upon extensive preparations for 
mining, by erecting machinery or making large exca- 
vations, the vein which may be discovered is thoroughly 
tried by means of a small shaft sunk through it, from 
which the rubbish, ore or water may be drawn to the 
surface by a windlass worked by hand ; or as the depth 
increases, by a whim or gin, which is a large vertical 
windlass moved by horse-power; or where fuel is 
abundant and machinery readily obtained, by a port- 
able steam-engine. 

By this course the nature and quality of the ore may 
be determined, the amount of capital safe to devote to 
the enterprise calculated, and the dip or angle which 
the vein forms with the horizon observed. 

Should the vein prove promising, the miners' next 
care is to fix npon some neighbouring valley from which 
a gallery or adit level may be driven through the 
country to the vein, so as to secure drainage at as low a 
point as possible; a large shaft is sunk at a proper 
point, and supplied with the machinery necessary for 
drawing up the ores and pumping out the water. 

The accompanying cut of the Levant Mine, St. Just, 
which the daring Cornish miner has extended far 
beneath the bed of the ocean, and whose steam-engine, 
perched on the cliff high above the surf, forms a 
striking feature in the bold coast scene) 'wift. ^fcTs^ \a 
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THI VETALLUBST ( 



rendw more (Aetr the conc^tion that ereiy wetallm^ 
gist should possess, of the circamstances attending the 
winning of those wee, the smelting <^ which is the 
immediate object of his care. It represents a sectttm 
taken on a plane passing through the middie of l^e lode. 
The ahqfts m a, pierce the earth perpendicularly ; at 
their mouths is placed the proper machinerjr for pump> 




ing the water and raising the ore that may be mined 
below. The galleries or level* hbb, are driven through 
the lode nearly in a horizontal direction, and generally 
at a distance of 10 fethoms from each other. Tliese 
are lai^ enough for the convenient passage of small 
wagons, or other contrivances for transporting the ore 
to the bottom of the shdt. When not surroanded by 
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firm rock, they are made secure by erecting around 
them a strong wooden framework^ known as timbermg, 
nrhidi resists tbe outward pressure^ and prevents the 
aides and roofs from caving in. These levels are joined 
by winzes cc^, which serve as means of communication 
between different parts of the mine, and furnish 
chatmels for the circulation of fresh air, which must be 
carried to every part of the works where men are 
employed. After the levels are driven, the ore is taken 
out of the space represented by the parallelograms 
^ddhj the operation known as stopinff, and the open- 
ing thus formed is filled with the rubbish of the mine. 
The darkly shaded parts in the cut indicate the portions 
of the lode which have been sloped, while the lightly 
shaded spaces designate the portions yet undisturbed. 

MANNER OF EXTRACTING THE ORE FROM THE VEIN. 

Most ores are so firm in their texture as to require 
the employment of considerable force to loosen and 
reduce them to fragments of a convenient size for 
carrying to the surface. The method which is adopted 
depends on the physical properties of the rock, and the 
circumstances that surround the mine. In Cornwall, 
if the ground be passably soft, the ordinary pick and 
shovel are found suflScient : if it be stratified, or filled 
with fissures, the miner has recourse to steel wedges or 
points called gads, by driving which into the rock, he 
is enabled to split off pieces of considerable size. 
Another and a far more potent aid in excavating is 
found in gunpowder, which was first introduced into 
the mines of Cornwall about the beginning of the 18th 
century. By means of a steel chisel or iorer^ ^. VsrJl^Ss^ 
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drilled a foot or more into the solid rock; at the 
bottom of this hole a sufiSoient quantity of blasting 
powder is placed, and a mass of soft schist — called 
tamping — ^is rammed very solidly into the remainder of 
the hole^ care being taken to retain a communication 
with the powder by means of a sort of slow match^ 
known as " patent safety fuse/' or by a piece of wire 
which is subsequently pulled out^ and fine powder 
poured into the slender hole that it leaves. By means 
of one of these expedients^ the workman is enabled to 
convey fire to, and explode the powder within the rock, 
and a mass is thus torn away which is greater or less 
according to the depth and direction of the hole, the 
amount of powder and the nature of the rock. The 
mass thus dislodged is broken with hammers into small 
fragments, and the valuable portions picked out and 
sent to the surface. 

A method of attacking the rock that was well known 
to the ancients, and that enabled them even with 
imperfect tools of copper or bronze to penetrate the 
most refractory deposits, consists in exposing the rock 
to be excavated to the heat of a strong fire, until it 
reaches a high temperature, and then allowing it to 
cool. Unequal expansion, the action of vapours formed 
in the crevices^ and to some extent changes of a 
chemical nature, leave the exterior portions of the rock 
thus treated softened and full of cracks, so that it can 
be readily removed. This method, although still in use 
in a few mines where fuel can be obtained at a very 
low rate, as in some parts of Sweden and Norway and 
the Hartz, has been generally displaced by the intro- 
duction of gunpowder, and has now chiefly a historical 
interest. 
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In extracting the native copper from the huge veins 
of the Lake Superior region^ a formidable obstacle is 
experienced on account of the vastness and solidity of 
the masses in which the metal occurs^ A hundred tons 
are not nnfrequently found in a single piece^ which of 
course before it can be drawn up, transported to the 
shore and shipped, must be divided into manageable 
blocks ; these are now much larger than formerly, and 
sometimes reach the weight of 8000 or 9000 lbs. The 
usual plan adopted is to dislodge the mass from the 
wall by heavy charges of powder, but this agent is 
inadequate for accomplishing a further division, since 
the tamping, however excellent, is blown from the hole 
in th€ same manner that a ball is driven from a cannon. 
Long slender steel chisels having a cutting edge about 
a quarter of an inch in length are managed by two 
men ; one to direct the tool while the other strikes with 
a heavy hammer ; by this means narrow channels are 
cut, chip after chip, through the mass. The process, 
which requires much skill, is at best exceedingly slow^ 
thii*ty months of constant work having been required 
to cut up a single mass. 

The ore of most mines, when broken from its resting- 
place in the earth and brought to the surface, consists 
of two portions, viz., valuable metal chemically com- 
bined with some mineraliser, as sulphur ; and worthless 
vein-stone or gangue that is mechanically mixed with 
the rich portions, and which generally composes by far 
the greater part of the mass raised. To separate this 
worthless gangue as completely as possible, and thus 
concentrate the valuable metalliferous portions to a. 
sufficiently high per centage of metal to make the 
further concentration and purification by fire profitablev 
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A series of mechatiical processes are in use, differing in 
varions countries and with various ores. 

In Cornwall the mineral upon arriving at the surface 
is thrown into the proper places appointed to receive 
the various portions taised from the different paits of 
the mine ; they are then broken or spalled, and divided 
into pieces of good ore, commonly called pritts, dredge 
ore, and halvans or leavings. The best ore requires no 
farther preparation, but may at once be stored ready 
for sale; the poorer, must undergo a process of 
powdering, which is generally performed by machinery 
driven by water or steam. Two large cylinders or 
rollers of steel or cast-iron are placed close to each 
other, and so geared together that they move in 
opposite directions. These rollers are turned round 
forcibly, and the fragments of ore, placed in a hopper 
above, are allowed to fall gradually between them and 
lEire thus crushed to a coarse powder; this powder then 
falls into the interior of a long cylindrical sieve of wire- 
gauze, which is turned slowly by the same power that 
moves the rollers. The fragments are thus divided into 
two classes, that which passes through the meshes and 
falls on the floor, and that which being larger than the 
openings, is carried to the lower end where, falling into 
the buckets of an endless chain, it is elevated to the 
rollers to be re- crushed. 

Instead of this apparatus for breaking ores a 
stamping-mill is sometimes employed, especially where 
the ores are finely disseminated through the quartz or 
other hard matters of the lode. The stamping-mills 
are driven by water or steam, and consist of a number 
of upright beams of wood or iron, having heads of iron 
weighing 800 to 400 pounds at the lower end. These 
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are placed side by side in a long trough, the bottom of 
which is of iron, and having to act the part of an anvil, 
is bmlt on a deep and solid foundation. These stamps 
»e capable of a vertical motion of about a foot, and 
when in motion, are alternately acted upon by a hori- 
zontal axle connected with the power and furnished 
with oamB that, coming in contact with ears on the 
shanks, raise them slowly and allow them to fall 
suddenly on whatever may be beneath. The ore to be 
powdered is thrown into this trough, and coming under 
the heavy hammers is soon finely divided, and may be 
earned away by a small i^ream of water that is kept 
continually flowing from one end of the trough to the 
other. 

The ore is now ready to be subjected to a process 
of concentration, depending on the different specific 
gravity of the valuable and worthless particles of the 
powder. As a general rule, the metalliferous parts that 
it is desirable to collect voce much heavier than those 
that originate in the poor and earthy vein-stone. Thus 
by a reference to the chapter on Copper Ores, it will be 
found that copper pyrites is 4J, and the sulphide of 
copper 5 J times heavier than water; while quartz is 
bat 2J-, and chlorite but about 3 times heavier than the 
same fluid. Hence it is easy to see how when a powder 
consisting of a mixture of these substances, is allowed to 
fall through water, the metalliferous particles will reach 
the bottom first, and there form a distinct layer upon 
which the earthy particles will subsequently fall, or how, 
when such a powder is suspended in running water, the 
lighter particles will be carried much further than the 
heavier, and may thus be separated. 

The first of these principles is taken advantage of Icl 
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the old method of washing ore by the hand-sieve. 
This is a sieve of conveuient size^ having a bottom 
formed of a perforated sheet of copper. The workman 
partly fills it with crushed ore^ and holding it in a large 
tub of water gives it a sort of undulatory motion which 
causes the water to enter at the bottom, and partly 
suspending the particles to be divided causes them to 
arrange themselves according to their specific gravities. 
The fragments lying on the top are considered worth- 
less^ and are scraped ofif and thrown away; the next 
layer is put aside for further washing, while the bottom 
stratum is deemed suflSciently rich for metallurgic 
treatment. An apparatus requiring much less manual 
labour is now often used. It consists of a large box 
covered with a tight wooden floor, in the centre of 
which is a circular metallic trough perforated with six 
holes, each about two feet in diameter, and into all 
these openings a sieve is closely fitted. A large piston 
working in a cylinder placed in the centre of this 
arrangement, and which is moved by an excentric that 
is driven either by steam or water power, is made to 
alternately raise and depress the level of the water in 
the box, and consequently in the sieves which are fixed 
water-tight in the rings at the top of it. By this 
motion of the water the particles of the mineral con- 
tained in the sieves are made to arrange themselves 
according to their several densities, and when it 
becomes necessary to remove a sieve for the purpose of 
scraping ofif the lighter and less valuable portion of its 
contents, its place is supplied by another, which is kept 
ready filled to occupy the same ring when required. 
The contents of the sieve are then carefully divided, 
the lightest part thrown away, the poorer metalliferous 
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portions sent again to the stamping-mill, and the ricli 
layer at the hottom put aside for the smelter. 

The separatioa of different qualities of ore by means 
of a stream of water, is generally adopted where the 
stamping-mill has brought the mineral to the form of a 
very fine powder. The apparatuses which have been 
contrived for accomplishing or assisting this separation 
in different mining regions, are numerous, and some- 
times quite complicated. 




The Nickiug Buddie, often used in Cornwall, consists 
of a trough A B, furnished with an inclined head- 
board C, over which a current of water may be allowed 
to flow from the hole e, the size of which is regulated by 
a wooden plug. At the lower end of the trough the 
■water passes away through the holes at D. The 
washing is performed by throwing powdered ore upon 
the head-board C, where it is stirred with a shovel until 
it is washed into tlie body of the trough; here the 
workman, standing in the buddle, continually sweeps 
with a broom the ore backward against the current 
which falls from the bead-board. By this incessant 
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stirriDg^ the particles are made to arrange themselres 
more regularly, and the Kghter portions are carried 
further in the direction of A. As the trough fills, the 
holes at D are one by one plugged, and when full, the 
water at e is shut off, and the contents, after draining, 
are divided into three classes, as shown by the Knes 
ftLnAff, That above /is the richest, and is frequently 
pure enough for the purposes of the smelter; the 
second portion between/and^ is thrown aside to be 
again huddled; while the third and lowest portion, 
which consists of finer and less metalliferous particles, 
is treated on what is known ais the rack^ where the 
operation is very similar to that «f bttddling, and results 
like it in a portion sufficiently rich to be sent to the 
fuTBHOfe, vnai a poorer part that may be thrown away or 
sulgodteiA tto further washing. 

'^Rie ^M&&^ of the Nicking Buddie expbtts the 
getMin&3«izM!i|Jle T&fnam wlooh most apparatuses having a 
similar object, as IJbe &e9mim tSt&l^ it^ ^sieqnnff Mable, 
and the percussion table, perform their work. 

The Cornish copper ore having been brought to a 
condition suitable for smelting, it is announced for sale 
on a given day several weeks in advance of the time 
fixed. Ih the meantime the assay ers of the smelting 
works, resident in Cornwall, and those of the sellers, 
take samples with great care from the different heaps, 
and determine by the method given in the chapter on 
Assaying the per centage of copper in each sample. A 
few days previous to the sale the assayers meet, and a 
Kst of the lots taken, with the produce of the seller's 
assay, is made out, and sent to the smelter accompanied 
with the assayer's private determination and remarks. 
Before the day of «ale arrives, the price that will be paid 
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for the ores is fixed, bo that when the buyer and seUer 
tiieet in Pool, Truro, or Redruth, the business necessary 
for traaisferringthe possession of many thousand pounds 
worth of ore requires but a few minutes. The parties 
being present a neutral person is appointed to the chair. 
He begins by reading over the numbers and particulars 
0f the lot to be sold, when each buyer writes on a slip of 
paper the price per ton he will give, and hands it to the 
chairman, who examines the amounts and declares the 
highest bidder, purchaser. This sale, from the manner 
of sending the bids in on paper tickets, is ca:l}ed a 
ticketing, and the custom seems to have been in 
existence nearly in its present form for about 180 years. 
Formerly a sum called the standard was much used for 
indicating at once the rise or fall in the price of the 
<Mre. It is the cost of one ton of copper as reckoned 
by adding the price of that amount of metal as paid for 
in the ore, to the sum of the cost of transportation, 
amelting and the necessary profits. 

Napier gives the following rules for fixing the price 
in buying ores ; — 1st, Fix the price you determine the 
copper contained in the ore shall yield when delivered 
in the works : say for example you fix upon £65 per 
ton, and the ore to be bid for has 14^ per cent. 
Multiply the percentage by the price and divide by 100. 

65 X 14^ = 918 -r- 100 = 9/. 3s. Id. per ton of ore. 

But there are 21 hundredweight given to the ton, and 
other general allowances amounting to 7 per cent, to 
be added making 13^. 6rf. + 9Z. 3*. Id, = 9/. 17*. Irf. 
2nd, From this sum is now to be deducted the 
returning charges, which are the net costs that practice 
has shown are incurred in melting an ore^ and t\^ 
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differs with different smelters^ but for illustration we 
will keep by the rule. An ore of 9 per cent, produce^ 
costs 228. per ton smelting; Is. per ton is added for 
every per cent, above, and 1*. deducted for every per 
cent, below 9 per cent. Thus 14^ per cent, will cost 
27«. which deducted from 9/. lis. Id. leaves 82. lOs. Id, 
as the sum to be bid for the ore. A little more or less 
is given according to requirement. 

The next care of the smelting companies is to trans- 
port their ore from the mines, to the various harbours 
of Cornwall and Devonshire, where it is generally taken 
on board as a return load by vessels that bring fuel 
from the Welsh coal beds to supply the steam engines 
and manufacturing establishments along the southern 
coast, and thus it is carried at a low rate of freight to 
the wharves of Swansea or the neighbourhood, whence 
it readily reaches the furnaces. The vast quantities of 
ore reaching Swansea from other parts of the world, are 
crushed, sampled in the same manner as is customary 
in Cornwall, and sold at ticketings that generally take 
place twice a month. 



CHAPTER VI. 



Ok AssATiNa ; or thb various Methods of EsTiMATnra the percentaqe 
OF Copper in Ores or other Oitpreovs Compounds. The English 
Method. The German Method. The Assay with the Blow- 
pipe. The humid Assat. 

At the commencement of all the metallurgic pro- 
cesses which we are to consider, stand the following 
questions : — 
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1st. What is the amount or percentage of copper 
contained in the ore or compound to be operated 
upon. 

0nd. What is the nature^ and what are the amounts 
of the substances with which the copper is combined. 

Upon the replies received must depend the value of 
the ore or compound in regard to the amount of copper 
possible to obtain from it^ as well as the character of 
the processes that must be adopted to obtain the pure 
metal. 

Questions so important as these require the most 
careful consideration^ and the office of the assayer^ 
whose duty it is to answer them, is one of much 
responsibility. 

The art of assaying developed the science of 
analytical chemistry ; it is extremely ancient, and the 
methods in use vary widely in different parts of the 
globe. In copper assaying we may distinguish four 
different modes of operation — in the preliminary 
examination for all of which the use of the blowpipe, 
(see Chap. III.) is generally advisable. 

I. TJie English method. By this method most of the 
ores of copper are assayed ; in some of the laboratories 
of Cornwall it is employed to make from 8000 to 
10,000 estimations in a single year. It is but an 
imitation, upon a small scale, of the Welsh method of 
smelting and refining copper, which will be found 
treated at length in a subsequent Chapter, and con- 
sequently by it the assayer obtains metal identical in 
quality with that which he may expect to be produced 
in the furnaces from similar ore. Hence he is 
enabled to determine, directly, the real value of the ore 
for the purpose of the. smelter, for it is evident that 
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this value is as well an elemesit of the quality as of the 
•quantity of the metal produced. 

On account of its directness^ the English method is 
to be preferred to all others, though^ as regards the 
xtccurikcy with which the total quantity of copper ooii*- 
tained in the ore^ is determined^ it falls behind those 
which follow. 

II. 2fie German method recommends itself by its 
simplicity^ and the dose approximation which CKa ht 
attained to the full percentage of copper in the 
sample. 

III. The assay nnth the blowpipe has the advaxitage 
of oonsiderable accuracy, and requires but little time 
and but small outlay for instruments; but to ^srecore 
satisfactory results, more skill is necessary than for 
^"dier of the foregoing methods. 

lY. The humid methods of assaymg have the 
advantage of cheapness, ease, rapidity of execution^ 
^d great accuracy, but for their proper management a 
moderate amount of scientific knowledge is essential. 
Several modifications are specially adapted for the 
■determination of extremely small quantities of copper. 

I. — THE ENGLISH METHOD OF ASSAYING. 

For accomplishing this assay a wind furnace is used, 
iBUch as is represented by the accompanying figure. 
The opening, a, in which the fuel and crucibles are 
placed, is 10" long, 8'' wide, and 14"" deep to the grate 
bars, g. The opening, b, leading to the chimney, c, is 
8'' long, and %" high. The top of the opening, tt, 
should be furnished with a slide, which may be more 
<Mr less drawn aside at the will of the assayer^ The 
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remaining portioas of the furnace are eufficien% 

eaqtlained by the figure. Grood coke U used aa fuel, 

■ad the assays, of which six 

may be conducted at once, lere 

placed in crucibles and set 

directly upon the glowing 

mass; no covers are used for 

these crucibles, and the course 

of experiment can be obaeired 

from above. 

A balance is required which, 
with 450 grains in each pan, 
•ill tnm perceptibly with the 
addition of ■j'gth of a grain. 

The crucibles or smelting pots used are of three 
tkes, though but two of these are generally employed ; 
the largest are about 4" high, and have the shape 
riiown in fig. 9 j the smallest will just fit inside the 
lai^est. They are made extensively at Redruth, and are 
composed of a light coloured, coarse, and very 
refractory clay. The outfit of the assayer in- HfB 
eludes, in addition, various tongs of convenient ^L^ 
shape for handling the crucible while hot, rods 
for stirring, mould plates for receiving the ri»j. 
melted substance when poured from the cru- 
cible, a hammer and anvil for testing the malleability 
ol the copper button, bronze or cast-irou mortars, and 
Spoons or ladles of particular sizes fw measuring Suxes. 

The fiuxes and reagents required are, — common salt 
in its usual damp condition ; common salt freed 
by heating from moisture; borax; powdered lime; 
powdered fluor spar ; saltpetre ; powdered cbarcoa] ; 
tartar; sulphur; a»d wHtefiux, a mixture prepared in 



68 THE METAMiUKGY OF COPPER, 

the laboratory, consisting of tartar 8 Tolumes, saltpetre 
2 Yolumes, and a small quantity of common salt : these 
are mixed intimately in a mortar, and dedicated 
before being used, by stirring with a hot iron rod. 



Manner of conducting the assay of the ores of copper 

by the English method. 

A portion of ore which has been selected with great 
care so as to represent, as nearly as possible, the 
average richness of the heap, the value of which is to 
be estimated, is brought, in a powdered state, to the 
laboratory, and dried by a heat that should not exceed 
212° Fahr. 

A small portion of this powder is then placed in a 
shallow, flat-bottomed copper basin, and washed by 
giving the vessel an oscillatory motion, and at the same 
time allowing the water and earthy impurities to flow 
away at one side. By this means the difierent metallic 
particles are made to arrange themselves in bands, 
according to their specific gravity, and a good judg- 
ment can be formed from their appearance, of the 
general nature of the ore. Such judgment may deter- 
mine the assayer whether to submit it to the treatment 
of the ''warm sample,*' or that of the ''raw sample.*' 

The " warm sample '' embraces the ores that contain 
a considerable quantity of sulphur, and which must be 
subjected to a preliminary roasting. The "raw sample" 
includes such as require sulphur to be added to them, 
or which are sufficiently desulphurised to need no 
roasting. After the roasting of the minerals of the 
first sort, which is done in a common crucible, and 
requires from ten minutes to half an hour, both classes 
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are subjected to the same general treatment ; the 
different stages of which are as follows : — 

Ist. Fusion for Regulus, 

?/nd. Boasting the Reguhis. 

3rd, Fusion for Crude copper. 

4th. One or two fusions with fluxes^ called 

'^ Washings*^ 
5th. Testing with the hammer and Refining, 
6th. Treatment of the slags for the copper they 

contain for " Prill J' 

1st. Fttsion for Regulus. 400 grains of the " raw 
sample/' or the remainder of the same quantity of the 
^'warm sample '^ after roasting^ are placed in one of 
the large crucibles^ and mixed with a ladle of each of 
the three fluxes^ borax^ fluor spar^ and slacked lime, 
above which is added a layer of common salt. If the 
*' raw sample '' consists of a very poor pyrites, an 
additional ladle of saltpetre is given; if the ore is 
chiefly copper glance and other minerals containing 
little sulphur, i to 1 ladle of sulphur is added, so that 
enough of this substance may be present to form a 
good regulus. These latter additions are made after 
the crucible has been placed on the glowing coke, and 
maintained at a high heat for about 15 minutes. A 
few minutes later a little lime, fluor spar, and borax 
are thrown in, and at the end of about 20 minutes 
from the commencement, the assay is poured out into 
the cavity of a cast-iron mould plate. The button 
thus formed is taken from the iron plate and plunged 
into water, where it must be allowed to remain after it 
has cooled. This immersion enables the easy separa- 
tion of the slag from the enclosed regulus. 
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In the above deified process the object in adding 
borax is to form^ with the quartz, oxide of iron, clayi 
magnesia, lime, and other earthy substances contained 
in the ore, the easily meltable boro-silicates which 
separate as slag. The fluor spar forms volatile fluoride 
of silicura, and silicate of lime. The oxides of copper, 
antimony, tin, &c., lose their oxygen, attract sulphur, 
and form a compound of sulphides which collect and 
compose the regulus. 

This regulus should be bluish or bronze coloured, 
with much lustre, and containing from 40 to 70 per 
cent, of copper. K it is either very poor and dull, or 
very rich and bright, it should be rejected as being, in 
one case, too ferruginous, in the other as containing 
but a portion of the copper in the original ore. The 
regnlus is powdered finely in an iron or bronze mortar, 
9 little coke being added to prevent adhering to the 
sides of the vessel, and the powder poured carefully 
into one of the larger crucibles* 

2nd. Roasting the Reguhis. The pot containing the 
powdered assay is now placed on the fire. At first the 
heat should be moderate that the particles may not bake 
together, but toward the end of the operation the fibre 
may be increased. The assay is stirred continually with 
a steel rod, and at the end of about half an hour it 
generally has assumed an earthy appearance, and no 
more sulphurous fumes are evolved. The process, which 
is simply that of driving off the sulphur, and forming 
oxides of the metals, is now considered concluded. 

3rd. Fusion for crude copper. This takes place in 
the crucible which has been used for roasting, or one 
of the same size. The assay is mixed with \ ladle of 
saltpetre; \ ladle borax; ^ ladle coal powder; 1 ladle 
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of dry salt; and 2 ladles of tartar. Two ladles of 
commcoi salt serve as a cover. At the end of ten 
minutes when a good fire is maintained, the mass is 
completely fluid, and then a little white flux is added. 
Soon afterwards the crucible is removed from the 
fiimace; its contents poured by a single movement 
into a greased iron mould-plate, and the crucible 
returned to the fire. The object of this smelting is to 
obtain a crude copper, free from sulphur ; the saltpetre 
serves to carry away the sulphur ; the borax acts as a 
flux; the salt renders the mass easily fusible. The 
coal powder and tartar are very important re-agents, 
since by furnishing carbonic oxide they reduce the 
oxide of copper to a metallic state. 

4th. Fusiofk with fluxes, "WashinffJ^ The crude 
copper button is now placed in the crucible together 
with one ladle of white flux and two ladles of dry salt. 
The white flux acts to oxidise the adulterating metals, 
and the salt to form volatile chlorides with the arsenic 
and antimony. After remaining four or five minutes 
in a fluid condition, the assay is poured out into a 
mould-plate ; the button of copper examined, and if it 
appears very impure, it must be put through a similar 
process of washing a second time. 

5th. Testing with the hammer and refining. The 
button cleaned of its slags is placed upon an anvil and 
tried with a small hammer; the presence of tin is 
indicated by its hardness, of antimony by its brittle- 
ness. It is then put alone into the crucible, subjected 
to a high heat, and when it shows what the assayers 
call the eye — that is, clear bright edges and a peculiarly 
dark variegated centre— the same fluxes used in 
washing are thrown in, and in a few minutes the fluid 
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mass is poured as before into one of the monld-plntes. 
In the midst of the slag is found the button of copper^ 
possessing generally a clear red colour which is the 
proof of the success of the assay; If the fluxes last 
thrown in have been added too late^ the button is 
found covered with a coating of the sub-oxide ; if they 
were added too soon the button is dull from unreduced 
oxides. The process of refining is simply one of 
oxidation ; those metals which have more attraction for 
oxygen than copper^ as lead^ iron, zinc, are acted upon 
by the air, changed into oxides, which separate them- 
selves from the copper, causing the phenomenon of the 
eye. The ores of Cornwall on account of their peculiar 
composition generally require a longer time before the 
appearance of the eye, than those of foreign mines. 

6th. Treatment of tJie slags for the copper they contain. 
All slags from the fusion for coarse copper and from 
the washings have been carefully preserved. They are 
melted with one ladle of tartar and some coal powder 
for about \ of an hour. The globule obtained is called 
^' prill ; '^ it is larger or smaller, as more or less metal 
has escaped into the slags. When necessary, it is 
subjected to purification, and is then added to the 
copper button produced in the 5th process, and both 
are weighed. This weight expressed in grains and 
divided by 4, gives directly the per centage of copper 
obtained from the ore. 

If as is mentioned in the description of the 5th 
process, tin is detected by the hardness under the 
hammer, and by the brown colour of the button, the 
assayer will not be likely to obtain the eye satisfactorily 
in the next process of refining. In this case, that the 
tin may be eliminated as fully as possible, the button is 
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submitted to one or more washings till the colour and 
malleability of good metal are reached. 

The antimony which is also detected by the hammer^ 
is best driven out by a careful roasting. If washing is 
resorted to a second time^ a small addition of lead will 
assist the action. 

The presence of zinc is very disadvantageous^ it is 
perceived by the regulus having a brown colour re- 
sembling blende. A ladle of borax and half a ladle of 
saltpetre wiU carry it over into the slag. 

Notwithstanding the apparent complexity of the 
English method of assayings it is capable in expe- 
rienced hands of being quite rapidly carried through, 
and the nature of its different stages allows the detec- 
tion of the various adulterating metals with which the 
copper is combined. It gives invariably however too 
little metal, and to arrive at a figure representing the 
total amount of copper in the ore, it is necessary to 
add i to 2 per cent, to the results obtained. 

That the test — although it may want in scientific 
accuracy — ^is adapted to the practical requirements of 
commerce, follows logically from the fact, that the loss 
in the assay indicates and to a certain extent measures 
the loss that must take place in the furnaces. 

II. — THE GERMAN METHOD OF ASSAYING. 

The process adopted for determining the amount of 
copper in mineral products at the various smelting 
establishments of Central Europe, differs considerably 
from the English method just described. It generally 
indicates a larger percentage of copper in the same 
ore, and it requires fewer manipulations. 
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In order to accomplislL it, the following spparatas 
and fluxes are required. 

A ramffie famace, haviag the cooBtruction Bhown ia 
the accompaoTing figure 10. It is Adapted for burning 
Boft or bituminous coal, 
and is so arranged that 
the crucibles do not come 
in contact with the foA 
or flames. It consists of 
a muffle a of refractory 
clay with small apertures 
at the sides and hinder 
end through which air 
may pass, and a larger 
aperture in front, h, that 
may be closed with a tile, 
and which furnishes an 
opening for introducing 
the assays. The muffle 
is heated by building a 
strong fire upon the grate 
A, the flames of which play throogh the open space 
sarrounding a, and pass off by the chimney c. A 
commodious ash-hole is supplied by the space e, and 
at/ is an iron door furnished with a slide g, by which 
the draught is regulated. 

"When coke, charcoal, or other flameless fuel 

fis employed, this furnace is replaced by one so 
constructed that the muffle hes imbedded in 
the glowing mass. 
2. Cruciblea. These are made of fire-clay, 
and are of an oral shape as represented ia 
fig. 11. They are about 4^" high and If" interior 
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diam^^. The bottom, wliiGh is broken off after the 
crucible has been used, serves for a cover for subsequent 
assays, in the manner shown at b. 

8. Roasting cups, fig. 12, are also of fire- 
day, l-J-'' high and 2^' in greatest diameter. 

4. Tongs of iron for handling crucibles. 

5. Besides the borax, salt, and powdered charcoal 
used in the English assay, powdered glass, metallic 
arsenic, lead, and graphite are employed, and a mixture 
known as '^ black flux^^ is used as a reducing agent. 
It consists of one part of saltpetre and two parts of 
crude tartar, which after being intimately mixed in a 
mortar are deflagrated by being heated in a crucible. 

Manner of conducting the assay of the ores of copper 
by the German method. 

We distinguish here but three operations. 
1st. Roasting, or depriving the ore of sulphur and 
other volatile substances, and forming metallic oxides. 
2nd. Melting for crude copper. 
8rd. Refining. 

1st. Roasting. About 60 grains (3*75 grammes) of 
the dry ore are carefully weighed, mixed with about 
15 grains of graphite powder, and spread upon the 
bottom of the roasting-cup (fig. 12). This is intro- 
duced into the red-hot mufiOie, and a slight current of 
air allowed to pass over it, until in about 10 or 15 
minutes no sulphurous fumes are given off from the 
assay. It is then taken out of the muffle, the powder 
brushed carefully into a cast-iron or bronze mortar, 
ground finely, and at the same time again mixed with 
15 grains of graphite or coal-powder, and placed in the 
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fire-clay cup. A second roasting similar to the first is 
now accomplished^ and when no smell of sulphurous 
acid can be perceived upon stirrings and the mass has 
an earthy appearance^ which is generally the case in 
15 minutes^ the assay is taken out and allowed to cooL 

When lead or antimony is present, these roastings 
must be performed with great care, since by raising 
the heat too high, a partial melting ensues, and the 
atmospheric oxygen ceases to penetrate the mass. 

2nd. Melting for crude copper. The assay, after the 
process of roasting, holds the copper, lead, iron, zinc, 
tin, &c., in the state of oxides, while the earthy im- 
purities remain to a great extent unchanged. The 
present melting is accomplished for the purpose of 
turning as many as possible of the substances that, 
besides the copper, compose the assay, into the slag, and 
at the same time to collect the partially purified copper 
in a button. For this purpose borax and powdered 
glass are the most active re-agents, forming a readily 
fusible slag with the earthy impurities and most of the 
oxides ; and, when the proper proportions are present, 
without acting materially upon the easily reducible 
copper, which, through the action of the black flux, 
gives up its oxygen, and by reason of its greater weight 
falls to the bottom of the vessel, and unites in a single 
mass. 

A crucible having the form shown in fig. 11, is used. 
To charge it, the roasted assay is carefully removed 
from the fire-clay dish into a mortar, and mixed with 
60 or 70 'grains of black flux. This is poured into the 
crucible, and upon it are thrown, without mixing, 120 
to 140 grains of black flux, then 24 to 30 grains of 
powdered glass, and 15 to 18 grains of borax. This is 
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covered by a layer of common salt (140 to 200 grains), 
and lastly a piece of charcoal half an inch square is 
added. For the purpose of forming a more fluid mass^ 
and assisting in the collection of the copper, an addition 
of 5 to 15 grains of metallic arsenic is made with the 
glass and borax, when the ore is quite rich, and no lead 
is present. 

The crucible is now covered as shown in fig. 11, and 
placed in the muffle. A red heat is first given, which 
towards the end of the operation is raised to white, and 
in 30 or 40 minutes the smelting may be deemed com- 
plete. The crucible is taken from the fire, and, after 
cooling, is broken with a small hammer, and the copper, 
mixed with a number of impurities, is found in a well- 
defined button at the bottom. This button should 
have no dark crust of sulphides around it, and the slag 
in which it is inclosed should appear glassy and dark 
green, without any disposition towards redness. 

3rd. Refining. This process has for its object the 
purification of the coarse copper button, of as many as 
possible of the various substances with which the last 
process has left it combined. It rests on the property 
possessed by copper when in a melted condition, and 
exposed to the action of heated air, of remaining 
unoxidised as long as iron, lead, arsenic, bismuth, 
antimony, tin, zinc, nickel, and cobalt, are present. 
These metals are turned into oxides in such a case, 
and when borax is at hand, are taken up and carried 
away as a fusible slag. 

The button is wrapped in a piece of paper with an 
equal weight of borax, and placed with a pair of long 
tongs upon a cup of fire-clay (generally made by 
breaking a piece about %'' long and IJ'' wide out of the 
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side of a crucible, fig. 11), which has akeady been laid 
in the muffle, and bj surrounding it with glowing coals 
brought to a high red heat. 

The button melts in a few minutes ; and by opening 
the door of the muffle a stream of air is allowed to pass 
over the fluid. The oxides of the alloying metals form^ 
collect on the surface, and produce a play of colours; 
and at length the button, having lost much <tf its 
impurity, becomes greenish, usually sinks beneath the 
borax, and, on account of the higher smelting point of 
copper, becomes solid. The cup is now taken from the 
muffle, and cooled by dipping it slowly into water« 
The copper is found in a button among the slag ; it 
should be well formed, bright, and malleable, and when 
possessed of these qualities may be at once weighed, 
and the per centage of copper in the ore calculated. 



III. ESTIMATION OF COPPER BEPOBE THE BLOW-PIPE. 

This method, as I have before remarked, can only be 
successfully carried out by a skilful hand, and i^ter 
some experience. Sut the fact that all the instruments 
and re-agents necessary for determining the amount of 
copper in any of its compounds, may be packed in a 
space not larger than an ordinary dressing-case> and 
thus carried on long and difficult journeys, is sufficient 
to commend it to a nation whose members may be 
found measuring and estimating in aU sections of the 
earth's surface. 

In principle it does not widely differ from the 
common German method of assaying, as just described. 
The instruments and re-agents necessary to accomplish 
it'have been spoken of in Chapter III., or will be men- 
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tioned in the coiirge of the following description. The 
decimal Byatem of weights and measures has heen 
adopted on account of their peculiar adaptation to the 
wants of the experimenter in quantitative blow-piping. 

The course of this assay divides naturallj into three 
processes : — 

1st. Roatting. 

2nd. Melting Jbr crude copper. 

3rd. Refining. 

Ist. Roasting. The ore, or product of the furnace, 
which is to be assayed, is finely powdered in an agate 
mortar, and, upon a halance which will turn with 
O'l milligramme when loaded with 2 grammes, 1 deci* 
gramme is weighed with care, and mixed in a mortar 
with three times its weight of charcoal powder. The 
mixture is removed with a camel-hair pencil from the 
mortar to a clay cup (shown in the drawing), which 
has been washed internally with a watery solution of 
the red oxide of iron. 

An apparatus is now necessary, having the con- 
struction shown in the accompanying drawing, and 




which is in fact a miniature roasting furnace, a is a 
piece of firm charcoal hollowed at the top, and pierced 
with the opening d; A 6 is a sheet-iron holder, having 
A hole at e corresponding with the opening d. It is 
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furnished with the handle c, which may be made, by 
screwing, to press against and hold the charcoal, a, in 
its place. € is a roasting-cup of clay, 20 mm. in dia- 
meter, and 7 mm. deep, which rests within, and is held 
by a platinum ring that is fastened to the side of the 
holder by means of the hooked ear /. 

The mixture being placed, as described, in the cup c, 
the blow-pipe flame is directed through the opening d^ 
at first gently, subsequently with more force till the cup 
is raised to a red heat. When any doubt remains that 
the sulphur is not entirely driven from the assay, more 
coal powder is added, and the heat continued. At the 
end of ten minutes the roasting is generally complete, 
and the next operation may be proceeded with. 

2nd. Reduction of the Metallic Oaides, or meltififf 
for crude copper. The roasted powder is removed from 
the clay cup to an agate mortar and mixed with 100 to 
150 milligrammes of dry soda; about 50 milligrammes 
of boracic acid, and 30 to 50 milligrammes of pure 
lead. When the ore itself holds much lead the last 
addition may be omitted. A strip of filter-paper, which 
has been dipped in a solution of soda and dried, is 
wrapped upon apiece of wood 7 millimetres in diameter, 
and a hollow cylinder of paper with one closed end is 
thus formed. 

The mixture is brushed carefully from the mortar, 
enclosed in this cylinder, and brought into an appro- 
priate hole in a firm piece of charcoal. The smelting 
is commenced by directing a reducing flame (see Chap. 
III.) upon the assay, and continuing it till the mass 
becomes fluid and all the copper has collected in a 
button at the bottom. This operation requires from 8 
to 5 minutes, and after it is concluded the button of 
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coarse copper, whose principal impurity is lead, is 
broken from the slag by hammering it between paper. 

Srd. Refining. The coarse copper button is not 
refined before the blow-pipe with borax, as is the case 
in the German assay. In place of this flux boracic 
acid is used ; this substance has the property of causing 
the lead to be readily oxidised and turned into slag. 
A hole is made in the end of a piece of charcoal, and a 
quantity of boracic acid equal in weight to the metallic 
button is melted in it to a pearl. The button is then 
laid in the melted acid, and first treated with a reducing 
and afterwards with an oxidising flame ; the process is 
continued till the lead has absorbed oxygen and been 
taken into combination with the borax, and the grain 
of copper remaining assumes a greenish colour. 

The grain is now taken with a pair of forceps from 
the soft slag, and its purity proven by its malleability 
beneath a hammer. 

If the slag by its redness shows that some copper 
has been taken up, it is only necessary to direct a 
reducing flame upon it for some time, until the copper 
collects in a grain, from which the lead is driven by 
treating it with an oxidising flame. The grain of copper 
thus obtained is placed with the larger one, and both 
are weighed ; the expression of this weight in milli- 
grammes gives the per centage of copper in the 
substance assayed. 

The refining operation requires about 10 minutes, 
and the entire process of determining the per centage 
of copper in an ore by means of the blow-pipe, may be 
finished in from three-quarters of an hour to an hour. 



-s.^ 
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IV. — THE ESTIMATION OP COPPER BY THE HUMID ASSAY. 

The complicity Mid partly the cost and inaccuracy 
of the foregoing methods of estimating copper make it 
sometimes expedient to adopt the humid assay, for 
which various processes are in use. The most trust- 
worthy of these are the following. 

1st. The Swedish method. This is especially adapted 
for compounds containing little or no arsenic^ antimony, 
bismuth, or tin ; but even where these metals exist in 
the ore, results are generally obtained which equal in 
accuracy those by the methods described in the sections 
I., II., and III. of this Chapter. 

From 50 to 60 grains of the sample are weighed and 
roasted in one of the fire-clay dishes, fig. 12, in the 
manner detailed in the description of the German 
method of assaying. When there is no doubt that the 
ore is composed entirely of the oxides and carbonates, 
this roasting may be dispensed with. The powder is 
now placed in a porcelain cup, and just covered with 
concentrated hydrochloric acid. After this has been 
well stirred and evaporated nearly to dryness, strong 
sulphuric acid is added to the amount of about 20 
drops, or till the odour of hydrochloric acid is no longer 
perceived. The assay is again heated till the vapours 
of sulphuric acid begin to develop, when the dish is 
partly filled with water and kept warm for some time, 
in order that all the sulphate of copper that has been 
formed may be brought into solution. All the copper 
having been taken up, the solution is filtered in order 
to separate it from the earthy impurities that have 
collected at the bottom of the vessel, and the filter is 
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washed with warm water until the fluid passing through 
is no longer acid. 

A piece of pure zinc is then brought into the bluish 
solution^ and by its electro-positive action the copper is 
thrown down in the form of a powder, while at the 
same time an equivalent quantity of zinc is dissolved 
and the bluish colour disappears. When all the copper 
has been precipitated, no red tinge will be given to a 
plate of iron when dipped into the solution. By this 
simple test the time for removing the zinc may be 
determined, and the remaining particles of that metal 
are picked out with a pair of forceps, and washed care- 
fully of all the copper that may have adhered to them. 
The copper powder is now washed repeatedly with 
distilled water, until all the soluble salts have been 
removed, and then dried at a temperature of 212° and 
weighed. If no oxidation has taken place, the weight 
thus obtained may at once be used for estimating the 
per centage of copper in the ore; but, as has been 
previously remarked, this metal in the state of fine 
division is Yeadily attacked by the air, and hence it is 
better to change the powder at once into the oxide, by 
heating it for a few minutes in an open dish, and subse- 
quently weighing the compound. The amount of pure 
copper is then obtained by the following proportion : 

100 : 79'8 : : weight of oxide*: weight of the copper 
in the assay. 

Then, the weight of ore originally taken : weight of 
copper in the assay : : 100 : the per centage of copper 
in the ore. 

2nd. Pehuz^s method of determining copper. This 
method rests upon the fact, that from a solution of 
copper to which an excess of ammonia has been added^ 
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and thus the characteristic blue colour produced^ the 
copper may be entirely precipitated by the addition of 
a solution of the sulphide of sodium^ and as the last 
trace of copper falls, the blue colour disappears. It is 
evident, since the amount of copper precipitated must 
always be proportional to the amount of sulphide of 
sodium added, that, if we know the quantity of copper 
which each grain of the test-solution will throw down, 
and at the same time the numbei* of grains we have 
added of the solution, the quantity of copper in the 
second or ammoniacal solution may be calculated by a 
simple multiplication. 

To determine the number of grains added, it is only 
necessary to pour the fluid from an accurately gradua* 
ted glass tube, each degree of which corresponds to a 
certain number of grains, and notice the position 
of the surface before and after the addition. 

To determine the quantity of copper which each 
grain of the test-solution will throw down, a weighed 
portion, say one grain, of perfectly pure copper is 
dissolved in nitric acid, and ammonia added till a clear 
blue colour appears ; the test-solution is then poured in 
drop by drop from a graduated tube, till the blue colour 
disappears, and the amount necessary to precipitate a 
grain of copper may be at once accurately read. 

This amount being carefully noted, the experimenter 
is prepared to proceed with his assays. From 10 to 15 
grains of the ore or other compound are weighed and 
dissolved in nitric acid or aqua regia (consisting of 
two parts of hydrochloric acid and one part of nitric 
acid) ; the solution is made clear blue by the addition 
of an excess of ammonia and heated to about 160°. 
jT/ie standard solution of sulpVnAe \& ttieG. iloNTly 



THE BiETALLXJRGY OP COPPER. 85 

added from a graduated tube, and from time to time 
the solution of copper stirred, and ftimished with 
ammonia. At length the blue colour disappears, the 
number of grains used of the standard solution are 
read by observing the number of degrees through 
which the solution in the graduated tube has sunk, and 
by the following proportions the quantity of copper 
present is calculated : — 

The quantity of test-solution necessary to throw 
down one grain of copper : the quantity of test-solution 
used : : 1 : the number of grains of copper present. 

Then: the number of grains of ore or compound 
originally dissolved : the number of grains of copper 
present : : 100 : the per centage of copper in the ore or 
compound. 

Numerous determinations may be made with the 
same standard solution ; and since but one weighing is 
required for each assay, and the remaining manipu- 
lations are quickly performed, this method may be 
advantageously used where a great number of estima- 
tions are to be made at the same time. Its accuracy 
is affected by the presence of cobalt, nickel, mercury, 
and silver, though the latter metal may be made harm- 
less by the addition of a few drops of hydrochloric acid. 

Methods similar in character to that of Pelouze have 
been proposed by Mohr and others, but none is at the 
same time more simple and more satisfactory in its 
results. 

An ingenious plan has been used in Central Germany 
and also in Swansea for the determination of copper 
where the amount present does not exceed one per 
cent, of the substance to be ex«.mma^, '\\* t^%\*% \sc^^^ 
the depth of the shade o£ \A\xe m >S£v^ ^^sjas^^'^v^^'^ 
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solution above mentioned, which is compared with the 
shades of a series of similar solutions^ each containing 
a known proportion of copper. To the one-thirtieth of 
one per cent, reliable estimations can be made by ths 
means. 



CHAPTER VII. 



On the Natu&k avd Preparation of Fuels : Wood, Charcoal, 

Mineral Goal, Ookb. 

The question of fuel with the metallurgist is one of 
primary importance. By far the majority of processes 
which he is obliged to carry out depend directly on the 
application of heat ; and upon the abundance and cost, 
as well as upon the nature of the materials that 
generate this heat, will depend largely the profit of his 
operations and the excellence of his productions. The 
position of the supply of fuel has as much to do with 
fixing the location of the smelting works as the position 
of the metallic district, and indeed much more when the 
mineral reduced is rich in copper. 

The copper blocks of Lake Superior are carried 
hundreds of miles to be smelted in the neighbourhood 
of the coal basins of Ohio and Pennsylvania; while 
Swansea, situated in the immediate vicinity of abun- 
dance of coal, collects ores from every quarter of the 
globe. The wisdom evinced by the long established 
custom of sending Cornish ores to Wales to be reduced 
is clear, when we learn that, according to the old 
manner of smelting, it required 20 tons of coal to 
produce one ton of copper when the ore held 8 per cent. 
of metal; hence, instead of taking ^0 toxia oi ixjkfcl txi 
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Cornwall^ 12^ tons of ore were sent to Wales. Poor ores 
of copper on the contrary will not pay for wide transpor- 
tation : thus the smelter of the Ural gathers charcoal for 
his fdmaces from long distances ; and the copper schists 
of Mansfeld in Prussia, are reduced near the mines^ 
partly with coke brought from England. The quantity 
and price of fuel further, to some extent, decide the 
nature of the process adopted ; thus, where coal is very 
abundant, the wasteful but convenient reverberatory^ 
furnace is employed, as in Wales and in some parts of 
the United States, Where a less generous supply is 
found, the cupola furnace is often used; and where still 
less can be obtained, the "wet way'' is sometimes 
considered the most profitable, as at Rio Tinto in 
southern Spain* 

By fuels the metallurgist understands those com- 
bustible substances that can be used in his processes 
for the production of heat. By far the most important 
are vx>od^ ckarcoaly mineral coal and coke, to which^ 
though holding a subordinate position, may be added 
brown coal and turf, and the products of charring the 
same. The two first in the list are natural products, 
and are made up essentially of carbon, oxygen and 
hydrogen, the second two are formed by art from the 
first, and are composed almost entirely of carbon, but 
in all more or less of other substances is invariably 
present, some of which remain after the combustion of 
the fuel, as the ash. 

The process of burning consists essentially in the 
combining of the carbon and the hydrogen of the fuel 
with the oxygen of the fuel itself, and that of the atmos- 
phere ; the compounds produced -s^T^vevi >i!tka ^i^^^^^ '^^ 
perfect, are principally carbonic acid wcA waler • '\^.Va»' 
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been shown that the quantity of oxygen absorbed firom 
the atmosphere by the combustion of a fuel, which may 
be readily determined by what is known as Berthier's 
process, may be taken as a measure of its heating powen 
The following table, the result of the discovery of this law 
and process, is given by Scheerer, to show the relative 
amounts of heat produced by the complete burning of 
equal volumes of certain weU known combustibles, pure 
carbon (diamond) being assumed as 100, the other 
numbers express percentages. 

Pure carbon 100*00 

Gk)oa mineral coal 83-00 

OUveoil 80-20 

Alcohol 19-80 

Dry wood 5-26 

Charcoal 4'94 

Wood, with 20 per cent, moisture 4*94 
Hydrogen i 0*0077 

"When a fuel is brought in connection with the atmos- 
phere to a glowing temperature, it burns either with 
flame — as is the case with wood, most kinds of mineral 
coal and compounds holding much hydrogen — or 
without flame, as is generally the case with coke, char- 
coal and some varieties of mineral coal that are poor in 
hydrogen. The presence or absence of the qualities 
producing flame, has much weight in the choice of fuels 
for particular chemical operations, and influences 
essentially the form and dimensions of the furnaces in 
which such operations are carried out. 

THE COMPOSITION AND PREPARATION OF WOOD. 

Although it has been proved- by repeated experiments 
^Jist the composition of wood is almost t\ve %«xci^ m ^\ 
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species of plants, yet a great variety is found to exist in 
respect to the hardness, weight, ease of kindling, and 
power of heating, which originates in the difference of 
structure displayed by dissimilar species. In general, 
green wood contains from 87 to 48 per cent, of watery 
fluid or sap, which in the atmosphere does not entirely 
dry out, since the best air dried wood continues to hold 
from 16 to 25 per cent, of moisture, known as hygro^ 
scopic water. The ash of wood consists of potash, soda, 
lime, m^nesia, sesquioxide of iron, oxide of manganese, 
carbonic, phosphoric, silicic, and sulphuric acids, and 
chlorine; its amount varies with the species of wood, 
and with the nature of the soil in which the plant grew, 
but it is seldom under 0*5 or over 5*0 per cent. By the 
drying process the effective power of wood is largely 
increased, since thus the water is carried away that 
must otherwise be evaporated in the process of combus- 
tion. Hence the most proper time for cutting this 
kind of fuel is in early spring, that it may be piled to 
dry during the summer. Wood may be preserved for a 
great length of time either in dry air or under water, 
but when subjected alternately to the action of these 
elements it gradually absorbs oxygen, forms carbonic 
acid gas, loses its firmness and rots, becoming worthless 
as a fuel. 

For some metallurgic purposes wood must be dried 
at a high temperature in kilns, that the hygroscopic 
moisture may be driven off as completely as possible. 
With such kiln-dried fuel when split into thin sticks, 
and placed on the grate in small quantities and 
frequently, the greatest amount and highest degree of 
heat that can be obtained from wood, is secured, "ftss^ 
at the same time just enongK air m'U3a\.\ie ^ftL\cc^\.^^^^>^^^ 
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too much will cool down the furnace^ and too little will 
allow the gases formed to pass off unbumed. Hard 
woods have all their volatile combustible constituents 
driven out soon after kindling^ and a thick coal remains 
which gradually consumes without flame. Soft woods 
on the contrary usually give flame during the whole 
course of their burnings hence where operations are to 
be accomplished requiring this peculiarity, the soft wood 
should be preferredy and among these the pines furnish 
a wood rich in resins and producing the longest flame. 
The copper smelter uses wood to kindle more solid fuel 
in various processes, for roasting his ores in furnaces 
where an extensive flame is necessary, and when working 
in the wet way to evaporate solutions in pecidiar long 
reverberatory furnaces. The operation o{ polity, the last 
stage in the process of refining by the Welsh method^ is 
performed by stirring the melted metal with long poles 
of green ash or oak. 

ON THE NATURE OF CHARCOAL. 

When wood is exposed to a high temperature and at 
the same time protected from the action of the air, it 
gives off various fixed gases, much water, several acids, 
and some tar. When this operation, which is called 
dry distillation, is carried on with rapidity, about 14 per 
cent, of the weight of the wood remains as charcoal, 
after all the volatile compounds have escaped. When 
however the process is accomplished slowly, as much as 
24 to 28 per cent, of charcoal is obtained from the same 
wood. This remarkable difference originates in the 
peculiar decomposition that takes place when steam is 
brought in contact with highly heated coal, a large 
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portion of the solid carbon passing off in the form of 
carbonic oxide and carbonic acid gas. This is a fact of 
the utmost importance to the charcoal burner^ who has 
discovered without being able to explain the reason, 
that in order to obtain the largest quantity of coal, he 
must perform his charring by allowing the heat to act 
gradually, and never rise higher than can be avoided. 

Good charcoal retains the form and structure of the 
wood from which it is made. It may be distinguished 
by its clear fracture, glancing bluish black surface and 
the property of giving a ringing tone when struck. 
Charcoal incompletely burned may be known by its 
reddish appearance on the longitudinal fracture, and 
by the dulness of the sound produced when it is 
struck. Charcoal possesses in a fresh condition the 
power of absorbing to the amount of 10 to 12 per 
cent, the gases to which it may be exposed, and upon 
this fact rests the phenomenon it occasionally exhibits 
of spontaneous combustion; the air being absorbed by 
the fiuQ coal, and condensed in its pores, sets free 
enough latent heat to bring the mass to a glowing 
temperature. Although the weight of charcoal obtained 
by the usual methods of charring is generally not over 
35 per cent, of the wood used, yet in regard to volume 
it suffers a much smaller loss, so that by properly con* 
ducted processes it should afford 60 to 70 per cent, of 
the original mass of wood. The object of charring 
wood is to obtain a larger amount of non-flaming com- 
bustible matter within a given weight and bulk of fuel, 
thus facilitating transportation, and supplying the 
concentrated heat required for many metallurgic 
operations. 
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ON THE MANUFACTURE OF CHARCOAL. 

Charcoal is produced on an extensive scale by two 
methods. 

1. By arranging the wood in large piles, and cover^^ 
, ing it with a layer of loam or earth, and thus by 
allowing, after kindling, but a limited supply of air, 
securing a slow combustion of a portion of the wood, 
which furnishes heat for the dry distillation of the 
remainder. This method includes the preparation of 
charcoal in mounds and piles. 

The best time of year for this work is in summer or 
autumn, since then the weather is most regular, the 
days are longest, and the materials necessary for per- 
forming it are easiest obtained. The mounds are formed 
by piling in a circular form, on a surface which has 
been proven to be sufficiently dry and firm, from 15 to 
25 cords of wood, covering it first with the charcoal 
dust or breeze obtained from a preceding operation, 
then with moss, leaves and similar materials, and pack- 
ing upon this an outer and more solid covering of 
earth. The wood is then kindled through an aperture 
that has been left for the purpose, and which is then 
tightly closed. The workman now carefully regulates 
the rapidity of the combustion by opening or closing 
holes admitting air to the burning mass. At the end 
of eight days for small mounds, and twelve to sixteen 
days for large, the charring is generally complete. The 
fire is then smothered by piling sand and clay tightly 
over it so that no air can gain admission. When 25 
or 30 hours have elapsed the charcoal may be removed 
and 18 now ready tor the smelter's use. 
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2. In regions rich in wood, such as occur in Sweden 
and Russia^ a system of charring iapiles is usual. Logs 
6 to 12 feet in lengthy and sometimes 12 inches in 
diameter^ are laid one over the other until a pile 20 to 
60 feet long is formed ; this is covered wifh layers of 
sod and earth, as above described, and by a course not 
difiPering much from that pursued in charring in 
mounds, a coal is obtained which is said to be of 
superior quality. 

The gaseous and fluid constituents, of which wood 
has a valuable store, are lost by the usual plan of 
charring in mounds and piles. A third system is 
sometimes adopted, where the valuable fluid and 
soluble elements are collected/ For this purpose the 
process is conducted in permanent furnaces provided 
with the proper apparatus to lead away and condense 
the gases produced. The heat necessary to char the 
wood is either developed by the combustion of a 
portion of the material in the furnace, or by a separate 
fire upon the exterior. The quantity of charcoal 
obtained from ordinary wood by this process is occa- 
sionally 27 per cent, of the original weight, but at the 
same time 5 per cent, of the same amount is required 
to supply the requisite heat. 

The copper smelters in some parts of the world are 
almost entirely dependent upon charcoal for their 
means of obtaining heat. In Wales its use is very 
limited, but in continental processes, it is employed 
continually in the cupola furnaces, occasionally in the 
reverberatory furnaces, and as a fuel and re-agent in the 
process of refining it acts an important part. 
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ON THE NATURE OF MINERAL COALS. 

The fossil fuel dug from formations lower in the 
geological series than the Tertiary^ has received the 
general name of Mineral coal. It is found chiefly in 
layers or seams in what is known as the coal formation^ 
but sometimes^ and in limited quantities^ in the strata 
above and below that remarkable deposit. There are 
various sorts of mineral coal differing in their appear- 
ance and composition. It is sufficient for the metal^ 
lurgist to distinguish four classes that are founded 
cm the behaviour of th'b mineral when exposed to fire, 
and therefore closely depend on its chemical compo- 
sition. 

Caking Coal, upon being subjected to the action <^ 
heat softens^ undergoes a sort of fusion^ the various 
pieces adhere together and the original structure of the 
ooal is lost. 

Sinter Coal, has in a less degree the property of 
caking in the fire, and by coking the original structure 
of the mass is not entirely destroyed. 

Sand Coal, does not cake on the fire, and when coked 
does not agglomerate^ as in the case of the two pre- 
ceding divisions. 

Anthracite, on account of the absence of volatile 
ingredients in its composition does not fuse when 
heated^ and in many of its properties it approaches the 
coke made from other sorts of coal. 

The following analysis made by various chemists will 
exhibit accurately the chemical differences that exist 
among the several classes : — 
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Carbon. Hydrogen. Oxygen, 

Sand coal, from St. Girone 76*05 6-69 18*26 

„ „ Bloncy 78*26 6*35 16-39 

Sinter coal „ Commentry 82*92 5*30 1178 

„ „ C6ral 84*66 5*32 10*12 

Caking coal „ Lancashire 85*81 5*85 8*34 

„ „ Mons 87*09 5*63 7*30 

„ „ Newcastle 89*19 5*31 5*56 

Anthracite ^, Lanquicke, Qhunorgansh. 91*44 3*84 3*59 

„ „ Swansea 92*16 3*66 3*88 

„ „ Pennsylvania 94*89 2*55 2*66 

„ „ Maoot 97*23 1*25 1*52 

Numerous experiments by Begnault show that each of 
the four classes may be considered to have the following 
average composition and specific gravity : 

Carbon. Hydrogen. Oxygen. Spec. Gravity. 

Band coal 77 5 18 1*34 

Sinter coal 83 5 12 1*30 

Caking coal 87 5 8 1*36 

Anthracite 95 3 2 1*50 

The amount of ash left by mineral coal after 
complete combustion varies from 1 to 20 per cent.; 
the average may be taken at 5 per cent.^ except 
anthracite which contains^ as a rule^ stiU less. When 
compared with equal volumes of wood the heating 
power of mineral coal may be generally reckoned as 5 
to Ij and when compared with the same weight of wood. 
as 15 to 8. In order to obtain the greatest eflfect from 
coal it must be divided into pieces of proper size^ 
burned on a grate of an extent proportionate to the 
amount of ash produced^ in a layer not too thick to 
prevent complete combustion^ and at the same time 
must be supplied with sufficient air by means of a 
chimney or blower. Mineral coal is used by the metal- 
lurgist for roasting the ore in heaps or furnaces, for 
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smelting in reverberatory furnaces and for boiling 
solutions. The softer varieties are not generally 
employed in cupola furnaces on account of their baking 
together and forming a mass that is difficult for the air 
to penetrate. Anthracite, however, on account of its 
not possessing this property may often be used with 
good effect. The mineral coal of Wales is for the 
copper smelter of prime importance, since it forms in 
the large establishments at Swansea the chief material 
for producing heat. Two varieties are there distin- 
guished, a strong burning coal, and a weak burning 
coal, which act very differently in the furnace. The 
strong coals have generally a large amount of volatile 
matter and give a long hot flame; the coke formed 
during its combustion is light and spongy, and allows 
the air to pass free through it. The weak coals may 
resemble anthracite in containing little volatile matter 
and hence giving an extremely short flame that scarcely 
reaches the contents of the hearth, or they may have 
a very large and diffuse flame that gives but little heat. 
The strong coals are often used alone, but the weak 
must be mixed with the strong to secure a good result 
in the furnace. The composition of the ash of their 
coal is considered a subject of much importance by the 
furnace men, on account of its influence on a peculiar 
and very economical plan which they have devised for 
securing complete and effective combustion of all sizes 
of coal without the usual destruction of the iron grate 
bars upon which the fuel generally rests. This plan 
consists in allowing the ash to cake or clot together 
into cellular fragments called clinker, which collects in 
the bottom of the fireplace, and while pervious to the 
draught which it heats during its passage, forms a 
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support for the fire, and prevents much of the small 
coal from being lost by falling into the ash-pit. 

ON THE NATURE OF COKE. 

For many purposes the metallurgist requires a fuel 
that is devoid of those constituents which melt and 
volatilise at a low temperature, thus diffusing the heat 
and producing a clotting which prevents the air 
necessary for combustion from properly penetrating 
the burning mass. Such constituents which are more 
or less abundant in mineral coal, are separated by a 
process known as coking, in the course of which the 
sulphur that also exists in most coals and for many 
metallurgic uses is very disadvantageous, is partly 
driven off. Anthracite which is itself a sort of natural 
coke, is not adapted for this process, but the other three 
varieties of mineral coal with the properties of which 
the student is already acquainted, may be submitted 
to it with more or less profit, iand the coke produced 
though differing according to the nature of the coal 
in physical qualities, is when considered chemically, 
very similar. 

GK}od coke consists of 85 to 92 per cent, of carbon 

3 to 5 j, ash 

6 to 10 ,, hygroscopic water. 



The ash is not essentially different in composition 
from that in the coal from which it is made, but it is 
always found in a larger proportion ; thus coke having 
10 to 12 per cent, ash is made from a coal with but 5 
or 6 per cent. The water which it attracts, like char- 
coal, from the air, may amount occasionally to 20 per 
cent. Compared with an equal weight of pure carbon, 
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coke gives '85 to '95 as much heat. Caking coal 
produces a porous, iron grey coke with a silky, and 
sometimes almost metallic glance, and in the process of 
coking it melts, forms a doughy mass, and, on account 
of the numerous bubbles that are formed within it, 
increases considerably in volume. Sinter and sand 
coal, not melting together, remain nearly unchanged, 
in form and volume, when subjected to the same 
influences. The specific gravity of the three sorts of 
coke, and their heating power, when compared with 
equal volumes of pure carbon, are, according to 
Scheerer, as follows : — 

Spe. Qrav. Specific Heat. 

Coke from sand coal 0*48 0*46 

,1 sinter coal ... 0*43 041 

,, caking coal ... 0*35 0*33 

ON THE MANUFACTURE OP COKE. 

As is the case with wood, so with mineral coal, — a 
rapid driving oflF of the volatile ingredients produces a 
loss which may be prevented by gradual heating ; in 
fact the process of coking is, in most respects, similar 
to that of charring, and the general principles of one 
apply to the other. 

Like charcoal, coke is made by three methods : in 
moundSy in piles, or in furnaces. By the first two 
methods coal is generally used which has not been 
reduced to very small fragments, by the last, powdered 
coal is also brought to the condition of coke. 

Coking in mounds and piles. This is done, when the 
coal is in sufficiently large pieces, by building, in the 
centre of a dry sandy spot, a simple brick chimney, 3 
or 4 feet high, furnished with numerous apertures at 
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its lower end, and with an iron plate capable of closing 
the upper opening. Radiating from the chimney as a 
centre, six or eight small canals are built of large pieces 
of coal or of bricks laid closely together to furnish 
passage for the air. Upon and around these canals 
the coal is heaped in a circle, 18 to 20 feet in diameter, 
and curving gradually to the chimney, where it is 3 to 
8i feet high. A coating of damp, powdered coal, or 
breeze, about 3 inches thick is laid evenly on the 
surface, and fire is started in the central part, and 
allowed to extend itself gradually toward the periphery. 
At the end of 48 or 50 hours, vapours and smoke cease 
to issue from the chimney, the coking is considered 
complete, and further combustion is prevented by 
closing all apertures that can admit air to the interior 
of the heap. The fire is thus smothered, and as soon 
as the coke has cooled it may be drawn and is ready 
for use. In coking in piles the process is essentially 
the same as that described; the most important 
difference being in the amount that is thus manu* 
factured together. The form of the piles is generally 
rectangular, 10 to 12 feet wide, and 100 to 150 feet 
long. When it is necessary to coke powdered coal by 
this means it is moistened so as to adhere slightly 
together, and built in narrow heaps around smooth 
logs of light wood; after the piles have been fully 
formed and pressed down, the logs are carefully drawn 
out, leaving numerous holes for the passage of air. It 
is then covered with a layer of breeze, set on fire, and 
allowed to burn until fully coked, when it is quenched 
by drenching it with water. 

Coking in furnaces. Coal " small ^' is more conve- 
niently coked in furnaces than in heaps, and in some 
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localities coal is powdered by machinery before sub- 
jecting it to the fire, that a more homogeneous coke 
may be produced. The furnaces may either be open 
or closed. The open, or " field ^' furnaces consist of 
four simple walls, about 4 feet high, enclosing a rect- 
angular space about 8 feet broad and 100 or 200 feet 
long. The side walls are furnished with apertures 
through which smooth logs are thrust. The coal is 
packed into the space between the walls, furnished 
with a cover of breeze or loam, and after the logs have 
been drawn out, thus leaving the mass penetrated with 
air-canals, kindled and allowed to burn for 8 or 9 days, 
when the process is generally completed. 

The number of closed Jumaces that have been pro- 
posed and tried for making coke is very large, and where 
the demand for this species of fuel is extensive, one or 
another of these contrivances generally takes the place 
of the heap, or open furnace plan. According to the older 
systems these furnaces are constructed in the form of 
an oval or circular vault, with an opening at the top, 
through which the coal is thrown, that can also answer 
the purpose of a chimney, and a door at one side from 
which the coke is drawn by hand. This plan has, in 
many places, been superseded by furnaces constructed 
like long vaults about 3 feet broad, 4^ feet high, and 
25 feet long, which are built side by side, forming a 
long row. Two holes in the crown of the arch of each 
furnace serve to charge this furnace with coal which, 
after being spread evenly along the vault, kindles by 
the heat of the glowing mass in the neighbouring 
fiimace. Through small holes in the wall the work- 
men observe the progress of combustion within ; 
when, at length, a red glow takes the place of light- 
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coloured or bluish flames, the process is considered 
concluded; the large doors at each end of the vault 
are opened, and, by means of a huge pusher, worked by 
hand or steam-power, the entire mass is slowly shoved 
out into the cooling yard, where it is quenched and, at 
the same time, dispossessed of the greater part of its 
sulphur, by throwing water upon it. The amount, by 
weight, obtained from the diflferent varieties of coal 
averages, according to Scheerer, for 

Sand coal from 55 to 65 per cent. 

Sinter coal ... „ 60 „ 70 „ 
Coking coal... ,, 60,^80 ,| 

The coke produced in furnaces is solider than 
that made in mounds or piles, and weighs about 3 
pounds more per cubic foot. 

Good coke may be known by its homogeneousness, 
and the presence of no fragments of slate ; by solidity 
or the property of withstanding pressure, a clear bright 
colour, and a small per-centage of ash and sulphur. 
For the copper smelter, coke is capable of taking the 
place of charcoal in most cases; he uses it when a 
flameless, unmeltable, and highly concentrated fuel is 
required, as in the cupola furnace. Much more rarely 
it is employed for roasting in heaps, but, on account of 
its producing little or no flame, it is not adapted for 
exclusive use in the reverberatory furnaces. 
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CHAPTER VIII. 

Oh Furnace Materials; the Apparatus in which the Redvotion 
or OoppRR IB performed. The General Principles ov the 
Processes ehploted in the Metallurqt of Copper. 

« 

ON THE MATERIALS USED IN THE CONSTRUCTION OF 

FURNACES. 

The durability of a furnace depends essentially upon 
the nature of the materials from which it is constructed. 
No substance with which we are acquainted is capable 
of completely withstanding the action which must go 
forward in the interior of a smelting furnace, the 
frequent changes of temperature, the intense heat 
necessary to melt refractory ores, and the dissolving 
power of the gases and fluids that are there produced. 
The compound of silica and alumina known as fire-clay 
possesses in a higher degree than any other common 
substance the properties necessary to enable it to 
resist the efiects c5f these destructive agencies, and it is 
generally employed for forming the lining oL furnaces, 
and the construction of such parts of metallurgic 
apparatus as are directly exposed to the action of 
intense fire. This material is usually moulded into 
bricks of the common shape, or into blocks adapted to 
particular parts of the furnace to be constructed, and 
baked firmly, before coming into the hands of the 
metallurgist; and since all clays on account of a loss 
of combined water, or a partial fusing together, 
decrease in volume or crack when exposed in their 
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natural state to a high heat; all good fire-bricks are 
made partly from clay, that previous to its being 
moulded is strongly calcined and reduced to a powder. 

The English clay has long held a high place in the 
opinion of European smelters; on the continent 
Belgium furnishes that most generally prized. The 
best fire-bricks come to Wales from the neighbourhood 
of the town of Stourbridge in South Staflfbrdshire ; 
they are 9 inches long, 4^ inches broad, and of such 
thickness that two of them extend 6 inches when placed 
together with a thin stratum of mortar between them. 
Less valuable bricks are made in Wales from clay 
found in beds in the coal formation; and Flintshire 
furnishes a third sort to the Swansea market. 

A clay from near Stourbridge, analysed by Berthier, 
afforded him 

Combined water 10*3 

SiUca 637 

Alumina 20*7 

Oxide of Iron 4*4 

99-1 

A very refractory fire-stone has been formed by 
working together one part of clay with two or three 
parts of quartz sand and moulding the mixture. Such 
stones do not shrink perceptibly after having been 
baked, and they have the advantage of being easily 
fashioned into any desirable form with the saw and 
chisel. A mixture of 1 part of unburned clay, 1^ to 2 
parts of burned clay, and 1 to 1^ parts of graphite, or 
black lead, forms a mass that when once coated with a 
thin glass that excludes the air from its surface, is 
almost indestructible. 

Nature furnishes a nimiber of rocks which being 
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composed chiefly of the same elements as the fire-clay 
possess in various degrees its refractory qualities^ 
These are known as fire-stones, and among them may 
be reckoned sandstone, clay-slate, talcose slate, mica 
slate, and gneiss. The first mentioned is as a rule the 
best, especially when composed of quartz sand bound 
together with a silicious cement. No general rule can 
be given for recognising a good fire-stone; the best 
plan is to expose a fragment of the mass in question to 
the action of a furnace and observe the effect produced. 
Mortar for building the interior of furnaces should be 
made of the same materials used to form the fire-brick, 
by bringing it with water to the condition of a thin 
paste. The common lime mortar should by no means 
be employed where the work is to be exposed to a high 
heat, because under such circumstances it unites with 
the silica, producing a somewhat fusible compound. 
The hearths of reverberatory furnaces, and other parts 
of the smelting apparatus are frequently constructed 
of a refractory mass which without being previously 
moulded, is worked on the spot and in the furnace 
itself, to the required form. In Swansea a quartz sand 
used in its natural state, not only makes up an essential 
portion of some of the furnaces, but by gradually 
uniting with the mass melted upon it, plays an 
important part as a flux. A mixture called brasque, 
used for forming temporary basins and hearths, into 
and over which fluid metal and slag are drawn, consists 
of clay and powdered charcoal or coke, in nearly equal 
proportions. 
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GENERAL DESCRIPTION OF THE APPARATUS IN WHICH 
THE METALLURGIC PROCESSES OF COPPER SMELTING 
ARE PERFORMED. 

Almost every copper-reducing region has furnaces 
and other apparatus more or less peculiar to itself. 
These varieties arise from the system of reducing the 
metal which may be customary, the nature of the ores 
or fuel, or the judgment of the smelter. But all the 
forms may readily be referred back to four types, 
which are distinctly diflferent in the arrangement of 
their various parts, and are also distinguished from 
each other by the nature of the processes for which 
each is particularly adapted. 

In the description of special processes which will be 
found in another part of this treatise, the apparatus 
required for each will be given in greater detail of 
material and measurement; here will be found a 
recital of the general characteristics of the four classes 
to which they all may be referred. 

I. — Apparatus for roasting where the fuel is mixed 
with the ore, II. — Reverberatory furnaces. III. — 
Cupola furnaces, IV. — Refining hearths. 

I. APPARATUS FOR ROASTING WHERE THE FUEL IS 

MIXED WITH THE ORE. 

These are exceedingly simple, sometimes consisting 
of a smooth pavement, or dry floor of clay, upon which 
the ore is piled in pyramidal heaps, the larger pieces 
being placed under, the smaller above, the whole 
penetrated by temporary canals or chimneys, to permit 
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a better circulation of air, and sometimes covered by a 
coating of powdered ore. The fuel forms the founda- 
tion and serves to commence the combustion of the 
sulphurous constituents which are often sufficiently 
abundant to prolong chemical action and keep the 
mass glowing for several weeks. 

Another common form consists of a rectangular 
space surrounded on three sides by walls, and capable 
of holding a pile of 5 or more tons of ore. The fourth 
side is left open to allow easier charging and dis- 
charging. Small chimneys penetrating the mass, and 
the foundation of fuel, answer the same purposes as 
they do in the first-mentioned plan. An addition of a 
separate fire-place is sometimes made to these open 
roasting floors, by supplying which with fuel the 
process of roasting is completed. A third arrangement 
is occasionally employed for roasting furnace products. 
It consists of a vault about 9 feet long, 6 high, and 
4 broad, one end of which is left open for the intro- 
duction of the charge of ore and fuel, but is subse- 
quently closed with a dry brick wall. A permanent 
chimney carries off the gases and supplies a certain 
amount of draught to increase the rapidity of the 
roasting. 

II. EEVERBEEATOEY FURNACES. 

This is the most important form of furnace used by 
the copper smelter. Its plan of construction is various, 
and depends on the nature of the ore to be treated^ the 
fuel employed, and the process to be performed ; but 
the name includes all furnaces with a separate fire- 
place, a hearth for containing the substance to be 
treated^ situated below a low vaults and in most .cases^ . 
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with a chimney. Fig. 14, page 127, represents one of 
the English reverberatory furnaces used in Swansea; g 
represents the grate of iron bars upon which the fuel 
is consumed ; b, the fire-bridge^ which separates the 
fire-place from the hearth or sole^ s. The gases pass 
off through the flv>e, t, into the chimney. The 
flames originating in the combustion of the fuel at o, 
follow the leading of the arch a, cross the fire-bridge 
B, and carried forward by the draught generated in 
the chimney, sweep over the hearth, s, heating and 
bringing forward chemical changes in the substance 
which is placed upon it. The flame, whose natural 
tendency is upward, rebounds or is reverberated from 
the surface of the arch upon the metalliferous mass 
below, and hence the name of this class of furnaces. 
The charge is generally brought upon the hearth by 
allowing it to fall through a hole c, in the vault ; and 
for the sake of greater convenience, these holes have 
frequently hoppers above them, which being filled, can 
be emptied at once into the furnace. The furnace has 
two or more apertures at the side or end, which allow 
the attendant to stir or otherwise treat the charge 
while being subjected to the action of the fire, and 
which also may be employed to draw off the substance 
after the process is completed. The hearth is occa- 
sionally cleared by scraping the charge through a hole, 
H, shown in the figure, leading into a chamber below, 
which remains closed while the furnace is in action. 

The fire-bars are of iron and are often moveable, so 
that the workman may stir the fire more readily from 
below. The vault, the fire-bridge, the interior of the 
chimney, and all parts intended to be exposed to severe 
heat, are constructed of fire-brick, while the exterior 
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walls are usually built of the cheaper common clay 
bricks; all is firmly bound together with iron ties 
fastened with clamps and wedges. The sole or hearth, 
s, when the furnace is to be used for smelting, is 
formed of a mixture of sand and silicious slag ; when 
for an evaporating furnace, a shallow water-tight pan 
occupies the same place. The metallurgic processes 
that may be performed in reverberatory furnaces 
embrace nearly all that are necessary for the reduction 
of copper from its ores. They may be employed for 
roasting and for oxidising, reducing and dissolving 
fusion. They are however expensive to build, and 
require proportionally a very large amount of fuel, 
since the flame playing rapidly over the surface of the 
metal, at s, rushes up the chimney while yet but a 
small per-centage of its heat has been given off. 



III. CUPOLA FURNACES. 

A cupola furnace consists of a shaft-like space, 
having a height greater than its breadth, enclosed in 
mason-work, and in which the substance to be metal- 
lurgicaily treated is melted, generally mixed, and in 
intimate connection with the fuel. The height of the 
furnaces of this class used in copper smelting varies 
from 6 to 18, and sometimes reaches 25 feet; the air 
requisite to carry on the process is forced in at the 
lower part of the shaft by a blowing apparatus usually 
driven by water or steam. Fig. 16, page 154, may be 
taken as an example of a cupola furnace ; the space, a, 
represents the shafty cone or body of the furnace ; b, is 
the opening known as the tunnel-head or throat, 
through which ore, fuel, and flux are ia\,xod\xfteA into 
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the shaft and allowed thence to sink towards the sole, 
s. At c, are openings called tuyeres, through which 
the air is forced, to supply the combustion which 
chiefly takes place in the prismatic space, q, which is 
known as the hearth; e, is the eye of the furnace, 
through which the melted metal and slag formed in 
the hearth flow by a narrow channel into the basins, //, 
The interior wall or shirt, h, of the furnace is con- 
structed of fire-brick or refractory fire-stone ; the outer 
wall may be of common masonry. The front hearth, g, 
over which the metal flows, is usually formed of coal or 
coke and clay, in the condition of fine powder. The 
tuyeres, c, are generally made of cast iron ; but some- 
times, as in parts of Sweden, they are formed of clay. 
In practice, a tube of slag formed by the cold air 
rushing in at the tuyeres, and impinging against the 
melted mass, extends from the nozzel of the blowing 
pipe into the hearth, regulating the place where the air 
enters. This nose is of much use to carry the air into 
the central parts of the furnace, and to protect the 
tuyeres from the destructive action of the hot gases; 
and its direction, length, and temperature are watched 
with attention by the careful smelter who regulates by 
its appearance the proportion of fuel used ; hence arises 
the German metallurgists^ adage, " You should seek a 
good furnace-man behind his furnace.^' 

The cupola furnace is the most economical of all 
apparatuses used for smelting. The fuel being con- 
sumed directly in contact with the ore, subjects* it to 
the most intense action, and the heated gases or 
flames passing on their way upward through the 
various layers of mineral, the latter ab%Qix\^^ ^ ^^"^^t 
part of the heat, so that they ^aa^ oS ^>^ ^^^ \.xsssa!^- 
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head at a low temperature when compared with those 
that stream up the flue of a reverberatory furnace. 



lY. REFINING HEARTHS. 

The refining hearth (fig. 19^ page 170) is used on 
the continent for performing some of the last processes 
in the purification of copper. It consists of a clay 
mass^ by having its upper part properly hollowed into a 
basin^ a. The tuyere, c, is furnished with a moveable 
nozzel, d, through which a strong blast of air can be 
driven at any desirable angle into the basin, a, where 
the substance to be acted upon is melted. The fuel 
employed is ustially charcoal ; the object of the appa- 
ratus is generally to carry out a strongly oxidising 
fusion, and its size may vary so that from 100 to 700 
pounds of copper may be treated at once. 



ON THE GENERAL PRINCIPLES OF METALLURGIC 

PROCESSES. 

The ore passing in the course of its concentration 
from the hand of the miner into that of the smelter 
has arrived at a condition of richness which will war- 
rant a change from its hitherto almost exclusively 
mechanical treatment, to one depending almost 
entirely upon chemical affinity ; the carrying out and 
supervision of which is the task of the metallurgist. 

That chemical action shall take place, it is essential 

that the particles of one or more of the substances to 

be decomposed or combined be in an easily moveable 

condition, a state which is secured in two ways: — 

^^^tty, bjr producing fluidity by \ieat, S^c^owdly^ by 
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solution in a menstruum which remains liquid at 
ordinary temperatures. The first method of treating 
ores is known as the " Dry Way/' the second as the 
" Wet Way J' Both methods are used in the metal- 
lurgy of copper ; the first chiefly where copper alone 
or copper and some of the baser metals are the valuable 
constituents of the ore treated ; the second is often 
employed where silver as well as copper result from 
the operation, or where iron and copper vitriol are 
produced. The wet way in the reduction of copper is, 
however, subordinate to the dry way ; and is seldom 
or never employed alone for the production of fine 
metal from the raw mineral ; it is, nevertheless, very 
valuable because it enables the metallurgist to take 
advantage of certain affinities, which cannot be made 
use of by the other method, to effect a more complete 
separation of different metals, and also on account of 
the smaller quantity of fuel required, which, in regions 
poor in wood, coal, and roads, as in some parts of Spain 
and Austria, is a matter of primary consideration. 



METALLURGIC PROCESSES BY THE DRY WAY. 

Roasting. — By this term is understood the heating of 
an ore or metallurgic product to a degree less than 
that at which it melts, and generally subjecting it at 
the same time to the action of an atmosphere of gas, 
as air, chlorine, or carbonic oxide, for the purpose of 
bringing about chemical changes. It is evident that 
the circumstances favourable to this process are fineness 
of the particles and porosity of the substance subjected 
to the action of the gases, frequent atvtrva^^Xs^ ^^'^sssi^si. 
a fresh surface is exposed, and a tapvSi Oaasa^s^^ ^'^ *^^ 
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gaseous atmosphere, all of which tend towards bringing 
the particles of the different substances in closer contact 
with each other. 

Four kinds of roasting are distinguished^ and they 
are all more or less employed in the treatment of 
copper ores. First; oxidising roasting is that by which 
the quantity of oxygen in substances subjected to it, is 
increased. Second ; reducing roasting, where the pro- 
portion of oxygen is reduced by the operation. Third ; 
chlorising roasting has for its object the formation of 
the chlorides of the various metals. And fourth; 
volatilising roasting, where it is sought to drive out 
certain volatilisable substances from their combination 
with the ore, as water or sulphuric acid break. Gene- 
rally, in practice, two or more df these processes go on 
at the same time. 

Fusion, — Taken in a metallurgic sense, this term 
designates that process by which a mineral is brought 
in connection with certain fluxes or re-agents, by means 
of a greater or less heat to a fluid condition. When 
in this condition chemical changes generally take place, 
and the mass, under the influence of gravity, separates 
into various parts, the heaviest constituent being below 
and the lightest above. Several species of fusion are 
distinguished by the nature of the changes that are 
produced. 

First. — When substances having different degrees of 
attraction for oxygen are melted in contact with an 
oxidising body, as atmospheric air, those having the 
greatest affinity for that element are combined, and 
generally separate &om those less easily attacked in the 
farm of gasea or slag. This is called oxidising fusion, 
an excellent example of whicK may \)e ^Ixxdi'&A.m tha 
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first process in the operation known as refining in the 
Welsh method of smelting copper ores. Here, over • 
the surface of a melted compound where copper may 
be accompanied by lead, iron, cobalt, antimony, 
arsenic, and sulphur, a stream of air is allowed to pass ; 
a scoria formed of the oxides and sub-oxides of all of 
these metals that may be present, collects and is 
scraped off, while by far the greater part of the copper 
remains in a nearly pure state. 

When the object of fusion is to subject either 
natural or artificial compounds of metal and oxygen 
to the action of some substance having a very great 
affinity for oxygen, as carbon or hydrogen, for the 
purpose of allowing the oxygen to be taken away and 
producing an uncombined metal, the operation is 
known as a reducing fusion. An example of this will 
be found by referring to the poling process in refining 
copper. Here the melted metal is saturated with the 
suboxide of copper; the green wood which is intro- 
duced decomposes into carbonic oxide, carburetted 
hydrogens, and other substances capable of forming 
gaseous compounds with the oxygen of the suboxide, 
which, passing off, leave the metal in a comparatively 
pure condition. 

When two bodies, being brought to a fluid condition, 
act upon each other so that a part or the whole of one 
produces with a part or the wholfe of the other a new 
compound, either valuable in itself or, as is more gene- 
rally the case, which on account of its different melting 
point or specific gravity can be separated from the 
substances with which it is mingled, such process is 
called dissolving fusion. An instance o€ ^?ccs& V«!^ ^ 
fusion is furnished by the old ^toci^^^^ ol \%^,ua\.v«v^ 
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once much employed for the separation of silver from 
•copper ; copper, holding silver, is melted with lead, the 
lead dissolves the silver, and by a subsequent operation 
hereafter to be described, the argentiferous lead is 
drained from the compound. 

Precipitating Jusumy takes place when an element of 
a melted compound is separated or thrown down by 
the addition of a second body; the tenuis generally 
used to designate the decomposition of sulphides hj 
means of iron. 

In practice, two or more of the above-defined 
varieties of fusion may go on together, and frequently 
the occurrence of one, necessitates the occurrence of 
the other; thus, in the example just mentioned of 
the reduction of the suboxide of copper in the process 
of poling the gases are at the same time oxidised. In 
such case the name is drawn from the nature of the 
change which the element undergoes that is the chief 
object of the metallurgic process. The distinctions are 
mainly valuable in assisting the student to unravel the 
complicated series of re-actions that go on within the 
walls of a smelting furnace. 

Liquation is employed for separating the constituents 
of a mixture made up of substances with different 
melting temperatures, by applying a gradual heat to 
the mass, and allowing the easiest fusible constituent 
to drain or filter from the more refiractory. It cannot 
be used for dividing chemically combined substances, 
and at best produces only a partial separation. For 
these reasons it is gradually being superseded by recent 
and more perfect plans. Its most usual application is 
to the separation of silver from copper ; three parts of 
copper holding a small per centage ot sSbi^t «x:^ ta^lted 
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with eleven parts of lead, and the compound allowed to 
cool gradually; a greater part of the lead forms an 
alloy with the silver, which remains mechanically 

ft 

mingled with the copper, and when subsequently the 
mass is cast into disks which are placed on their edges 
upon a peculiarly shaped hearth, and subjected to a 
heat slightly above that necessary to fuse lead, the alloy 
of lead and silver filters out, leaving behind a porous 
mass of impure copper. Both of these compounds 
must then be treated to obtain their three constituents 
in a purified condition. 



METALLURGiC PROCESSES BY THE WET WAY. 

By a metallurgic process by the wet way is under- 
stood the bringing about of required changes by solu- 
tion in some menstruum that remains fluid at ordinary 
temperatures, which is generally water, or water con- 
taining an acid or a salt. The employment of this 
method has been much extended in modern times, and 
in the metallurgy of copper it has in several instances 
taken the place of the dry way, especially in the isola- 
sion of silver when it occurs in small quantities in 
company with the less valuable metal. ZiervogeFs 
method of separating silver from copper consists in 
subjecting the ore to an oxidising roasting, dissolving 
out the sulphate of silver thus formed, with water, and 
then precipitating the silver in a metallic form with 
copper. By the process of Augustin a chlorising 
roasting is performed, and the chloride of silver thus 
produced is extracted from the mass with which it is 
mixed by dissolving it in a solution of comxa-cyss. ^'^^ 
The metallic silver is tlien obVamedi ^.^ \5Jck<3s^^\s^ ^^^- 
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cipitation with copper. Cement Copper is obtained by 
precipitating the metal from a natural or artificial solu- 
tion of its salts by means of iron. These processes 
will be found treated more at length in a subsequent 
chapter. 
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PART II. 



CLASSnrCATION OF THE OrES OF COPPEB; DETAILS OF THE VARIOUS 

Processes used in the Bbduotion of Copper Ores; Separa- 
tion OF Copper frou other Metals; Nature of and Manner 
op Making the Allots of Copper; The Working of Copper 
AND Manufacture of Cupreous Products; Statistics. 

CHAPTER IX. 

Flan of Description; General Pbinoiples; Metallurqio Diyision 

OF Ores. 

In describing the numerous and various processes 
that have been contrived for reducing copper from its 
ores, the plan that recommends itself for its simplicity 
and completeness, is to select from the chief copper- 
producing lands of the world several characteristic 
methods, and consider the processes peculiar to each in 
detail, and successively from the earliest heating of the 
mineral to the casting of the saleable product. Thus 
the chemical re-action peculiar to each variety of ore 
may be included, and no essential apparatus or opera- 
tion be left unmentioned. The following have been 
chosen as best adapted for securing the objects in view : 

I. THE SMELTINQ OP COPPER ORES IN WALES; THE 
ENGLISH METHOD. 
II. THE SMELTING OF COPPER ORES IN MANSFELD, 
PRUSSIA; THE CONTINENTAL METHOD. 
III. THE SMELTING OP NATIVE COPPER AT DlLt^^Y^> 
IN THE UNITED STATES, 
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The first is in use for reducing the vast quantities of 
ores varying in composition and richness, which are im- 
ported into South Wales. No other system equals it in 
securing a regularity of production where the changes 
of the per-centage of metal, and the chemical composi- 
tion of the mineral are so sudden and unexpected. 

The second gives a representation of the processes in 
use in the furnaces on the continent, where as a rule the 
ore, being the product of a limited region, suffers very 
little change in its nature from year to year ; and, since 
the admirable method of Ziervogel for separating silver 
and copper was invented and is brought to its greatest 
perfection at Mansfeld, a description of the various 
operations of which it is composed will be found in 
their proper place in this chapter. 

The third example illustrates the method employed 
for separating the native copper from its mixture of 
veinstone, as practised with the minerals of Lake 
Superior. 

GENERAL PRINCIPLES OP COPPER SMELTING. 

One or all of the following peculiarities of copper lie 
at the foundation of most of the methods which are in 
use for purifying it by the aid of fire : — 1st, its attraction 
for sulphur is greater than that of any of the metals with 
which it is found in combination, as iron, lead, nickel, 
cobalt, zinc, arsenic, antimony. 2nd, its affinity for 
oxygen is very small, less than that of any other metal 
likely to occur with it, except gold and silver. The metal- 
lurgist, by allowing it to combine or remain in combi- 
nation with the sulphur usually present in its ores, has a 
comparatively fusible compound, wT[i\c\v on ^ccomvt of its 
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fluidity or peculiar specific gravity, can readily be 
separated from many of its less fusible, and lighter or 
heavier, impurities. By roasting his furnace products, 
he gets rid of sulphur which would be troublesome in 
subsequent operations, and by subjecting the fused 
metal while in an impure state to the action of oxidising 
agents, as the atmosphere, he brings about combina- 
tions in the adulterating substances without the copper 
being materially attacked. 



METALLURGIC CLASSIFICATION OF THE ORES OF 

COPPER. 

For the purposes of the smelter all the compounds 
from which copper is obtained may be arranged under 
three heads. 

1. Native or uncombined copper. This is principally 
found on the Ural, on the borders of Lake Superior 
and in South America. The latter country sends much 
of this copper to Europe to be purified. It occurs 
generally in small grains, and is mingled with red 
oxide, malachite, pyrites, and earthy gangue ; it usually 
contains only traces of arsenic ai\d is otherwise very 
pure, producing 60, 70, and even 90 per cent, of metal. 
The Lake Superior mines produce three sorts : 1. Mass 
Copper, which consists of vast blocks, weighing as high as 
8000 or 9000 lbs., and containing only a small quantity 
of silver, and a few nodules of earthy veinstone as im- 
purities. 2. Stamp work, or small pieces of copper which 
have been cleaned of their gangue by the stamps ; and 
3. Barrel work, which is the result of washing the 
powder coming from the stamps, and cotl^^^ks^ ^^3«iw 
45 to 60 per cent, of metal. 



120 THE METALLURGY OF COPPER. 

II. Oxidised ore. Except in Australia this kind of 
ore is found in comparatively small quantities^ and at a 
limited number of localities. This division includes 
Black oxide of copper, which is a product of the de- 
composition of other ores^ and usually is accompanied 
by manganese and iron. Atacamite which contains from 
45 to 50 per cent, of a very pure copper; the carbonates 
of copper which occur in Australia, Africa, and the Ural, 
and various other localities. They are generally pure 
and give good copper; but when formed by the decom- 
position of other minerals, they have always a small 
quantity of adulteration. Silicates are found in the 
Unil, and in South America ; they are easily reduced , 
and furnish a pure copper. 

III. Ores containing Sulphur^ Arsenic, and Antimony. 
From these compounds by far the largest part of the 
copper brought into commerce is won. They are the 
most difficult to reduce, and require numerous and 
complicated processes-to carry off their many impurities. 
In the ores containing arsenic and antimony, silver is a 
frequent and valuable constituent. Copper Pyrites: 
this is the most common ore of the metal ; it is found 
generally in company with quartz, calcspar, heavy spar, 
carbonate of iron, and the sulphides of iron, zinc, and 
arsenic. When entirely pure it contains 34 per cent, of 
copper, but on account of the adulterations, which it is 
impossible to separate entirely by the most careful 
washing, it generally comes to the furnace holding from 
8 to 15 per cent. At Fahlun in Sweden, where this ore 
is worked, the average richness is from 2 to 3 per cent. ; 
at Rorass in Sweden, 5 per cent. Variegated copper 
ore contains when pure about 55 per cent, copper, and 

js not very widely distributed. Sufpfiate o/ copper 
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comes in small quantities from South America^ where it 
was evidently formed from the decomposition of other 
ores. The waters of various mines contain this salt in 
solution ; it is then won by the process of cementation^ 
and produces a copper which depends for its excellence 
upon the absence from the solution of arsenic and 
antimony. Gray copper ores contain arsenic and 
antimony^ and occasionally so much silver that that 
metal is the most valuable of their products. These 
ores are found in but a few localities^ and on account of 
their disposition to crush easily to a fine powder^ cannot 
be concentrated by washing without much loss. Their 
proper management^ to obtain the copper and silver 
separate and sufficiently pure^ is one of the most 
difficult problems set before the metallurgist. The 
phosphates and arsenmtes of copper are widely dis- 
seminated ores^ but are not much worked; a small 
quantity of the latter reaches Swansea from Chili^ and 
produces. from 30 to 35 per cent, of metal. 



CHAPTER X. 

Thb SuELTiNa or Copper Obss in Walks; the EiraLisB Method. 

Th£! plan of reducing copper from its ores which is 
known distinctively as the "English Method/' and 
which is to be found in use, more or less modified, in 
nearly all the countries where Anglo-Saxon energy has 
planted smelting works, — in the United States, in the 
South Sea islands, even in central Germany, — seems to 
have originated in essentially its present forest \^^s»x. 
where it is now to be found ^1x1^0^^^^. Vol ^\s^^j&sn% 
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nearly half the copper produced upon the globe^- 
the southern shore of Wales. 

The distinguishing and most obvious peculiarity of 
this method lies in the use of reverberatory furnaoes to 
the exclusion of all others^ in carrying out its various 
processes^ and in the fact that the sulphur of the ore is 
made a chief reducing agent^ instead of the coal and 
carbonic oxide which play the same part in the cupola 
furnaces^ the action of which is yet to be described. 
It further differs from the usual continental method in 
the last operation, the blister copper being here purified 
and made malleable in the same fusion, and the 
product sent to market in the form of bars or ingots 
ready to be wrought directly; while the continental 
furnaces generally produce, as their merchantable 
product, what is known as rosttte coppeVy — thin disks 
of metal holding so much suboxide that they break 
readily with a short red fracture, and must be sub- 
jected to a subsequent refining before they can be 
hammered or rolled. 



COMPOSITION, ORIGIN, AND MIXING OF ORES. 

The English method is adapted to the reduction of 
all classes of ores. It is used in smelting the products 
of the mines of every quarter of the globe, — the rich, 
sulphides of Cuba, Chili, and New Zealand, the poorer 
sulphides of Cornwall, and the valuable osides and 
silicates of Australia. 

The following table will give an idea of the composi- 
tion of some of the most abundant of the ores that are 
brought to the Swansea smelting works : — 
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i»a 



Cormoalt, 

Tincroft 

Great St. George ... 

EastCrofty 

Fowey Consols 

Dolcoath...! 

Great Work 

TreUmd. 

Enockmahon 

Oaskeen , 

AfkgUiea. 
Parry's Mine , 

Cuba. 

Cobre 

Cobre rough ore 

ChUi. 
Copiapo 

New Zealand, 

AustreiUa* 
BurraBurra * 

>> >» 

Princess Royal 

Kapnda 

Holong 



CopporT 


. Iron. 


Sulpliur. 


Silica. 


7-5 


33*0 


18-6 


80*4 


6-8 


30-7 


16 


48-2 


6-9 


81-0 


12-5 


33-7 


14-1 


31-8 


17-6 


28-1 


100 


82-0 


15'8 


26-6 


U-1 


18-9 


14-0 


48*5 


8-3 


19-7 


14-2 


57-6 


17-5 


12-3 


10-2 


58-7 


22-0 


27-2 


28-0 


20-8 


28-2 


80-4 


20-8 


19-6 


19-8 


18-3 


20-7 


40-1 


26-3 


22-4 


19-9 


19-8 


12-7 


83-9 


35-1 


18-3 


89 4 


12-4 


0-0 


20-0 


22-0 


83-7 


00 


23-2 


82*0 


19-6 


0-0 


22-0 


100 


8-0 


0-0 


60-0 


28-6 


4-0 


19-3 


49 



But besides these ingredients there is generally 
present a variable quantity of tin, antimony, arsenic^ 
iron, nickel, cobalt, manganese, or silTer^ 'frith alumina^ 
magnesia, or lime. 

The classifying and mixing of these ores ready for 
smelting is a subject of the utmost importance, affecting 
the cost, quality, and quantity of the metal ^X5:^^i»sa^^ 
by the subsequent operations. lA. Va ^xv^^x^^ 
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chemical problem^ and its proper solution can only rest 
on analyses and a knowledge of the action of the 
various bodies present^ when brought by fire to a fluid 
state. It has been shown that the following conditions 
arc to be sought for in making up a working mixture 
of ores*: — 

1st. The copper must not be under 9, nor over 18 
per cent. ; if under the former it is unprofitably poor ; 
if over the latter, the slags have a tendency to contain 
copper, creating a loss. 

2nd. The mixture, after undergoing an ordinary 
calcination, should fuse easily without the necessity of 
adding flux, giving a clean and easily fased slag. 

3rd. The matt, or coarse metal obtained from the 
first fusion shall contain, as nearly as possible, 80 per 
cent, of copper. 

4th. The impurities which will make the quality of 
the copper lower than that determined upon should be 
rejected. 

In forming this working mixture the rich oxides and 
carbonates are not used, but are retained to be brought 
in after the reduction is partly completed. 

The average composition of all the ores smelted at 
one of the Swansea ^orks during a considerable period 
was as follows: — 

SiUca 38-5 

Alumina 2*4 

Lime 03 

Magnesia 0*4 

Copper 13*5 

Iron 10-7 

other metals 0*9 



* J. Napier, F,C,8,, "Phil. Mag. and3o\mi. ol^<iVMi<»r ^^^- v^ 
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Sulphur 23-1 

Carbonic acid — oxygen and water 1 *2 

100 

But in considering the reactions which take place as 
we follow the various processes^ we may regard chiefly 
four of these substances, and consider the ore made 
up of 

Copper 13 per cent. 

Iron 29 „ 

Snlplinr ... 24 ,, 

SiUca 34 „ 

100 



PRELIMINARY OUTLINE OF THE ORDER AND NATURE OF 
THE PROCESSES CONSTITUTING THE ENGLISH METHOD. 

In studying the English method of copper smelting, 
six distinct processes may be distinguished. These 
are separated from one another by the charge or 
minersd being transferred at the end of each from 
one furnace to another, and by the difference in the 
nature of the products resulting from each. They are 
as follows : — 

Ir Calcination of the mixed ores; a portion of 
the sulphur and other volatile ingredients are driven 
off, and some of the iron which becomes dispossessed of 
its sulphur is oxidised. 

II. Fusion of roasted ores for coarse metal. 
The roasted ores and the carbonates and slags which 
are mixed with them, being melted, yield two products. 
1st. Slag to the amount of 65 per cent, of the whole 
charge, about 88 per cent, of whicTi iia \}at<y^rcL "ww^:^ ^^ 
being too poor in metal to pay fox t^T£i^\A\i^^vcoA.*^^ 
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remainder returned to the furnace. 2nd. Matt or 
coarse metal, to tlie amount of about 85 per cent, which 
contains about 80 per cent, of copper, and after granu- 
lation goes to process III. 

III. Calcination of granulated coarse metal. 
The process resembles No. I. Much sulphur and some 
of the other impurities are driven off as gas, and the 
iron and copper present become partly oxidised. 

IV. Fusing the calcined coarse metal. The 
result of operation III., together with slags from opera- 
tion v., mixed with foreign carbonates or oxides, being 
melted, produce two products. 1st. Sharp slags, con- 
stituting about 25 per cent, of the fall from the fumacCj 
and holding I to 2 per cent, of copper. 2nd. A matt 
called bliie or fine metal, containing about 60 per cent, 
of copper, and being about 75 per cent, of the fall from 
the furnace ; this goes to process V. 

V. Roasting the blub or fine metal. The matt 
produced by process IV. is freed, during this operation, 
of much of its iron, silica, and sulphur ; here, also, the 
products are two. 1st. Slag or scoria, amounting to 88 
per cent, of the fall from the furnace, holding about 10 
per cent, of copper, and known as roaster slags ; and, 
2nd. Blister copper, or pimpled metal, of which about 95 
per cent, is copper. 

Refining the blister copper and poling. The 
iron, nickel, cobalt, zinc, sulphur, &c., are oxidised and 
removed, and the suboxide of copper which dissolves in 
the metal reduced. — Result, malleable, tenacious, and 
merchantable copper. 
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PROCESS I. — CALCINATION OF THE MIXED ORES. 

The object sought to be nccomplished by tbis process 
is to drire off the water and the volatile arsenic, anti- 
mony, and all of the sulphiu* that is not required to 
form a snlpbide or matt, which shall amount to 
35 per cent, of the product of the nest following fusion ; 
and further, to form from the sulphide of iron, oxides 
that will combine readily with the silica of the ore to 
form a slag. The operation is performed in what is 
known as the calcining furnace or ealciner, which is 




a large rererberatory furnace, having the form shown 
in the accompanying drawing, in which one corner is 
represented as cut away that the interior arrangement 
may be better seen. The size of tbis apparatus varies : 
the hearth, b, is usually 16 feet long, and 13^ feet 
broad ; it is formed of refractory brick& flftt 's^ ^^?, 
and firmJ/ imbedded in fire-cVay. tVe tTft^it\-^ ^cfia. 
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A, descends rapidly towards the hearth as it approaches 
the flue, F, and it is perforated with two holes^ c, c, 
which are capable of being closed tightly. Each side 
of the furnace is supplied with two doors^ of which one 
is shown at d^ and through these the workman stirs 
the charge, and watches the progress of the work. In. 
the hearth, and represented by v, are apertures leading 
into the vaults or cubs^ v, that lie beneath the furnace, 
and serve to receive the ore, which, when ready, is 
scraped into them. Above the furnace are placed two 
iron hoppers, t t, into which the ore is thrown before 
being dropped upon the hearth. The flue, f, carries 
the vapours ofif to a stack or chimney, which may 
belong to this particular furnace alone, or may be 
common to all the furnaces of the establishment : the 
adoption of the former or the latter of these plans' 
depends largely on the fancy of the manager or owner. 
In one instance the necessity of a tall chimney is 
obviated by carrying the fumes and smoke from a 
laree establishment (Cwm Avon Copper Works) through 
a long culvert to the top of a neighbouring mountain, 
where, at the distance of a mile and a quarter from the 
works, the heated gases rush into the open air. The 
draught produced by this expedient is said to be almost 
sufficient to carry up a man. At the corner of the 
fire-bridge^ b, is an opening, o, which is arranged with 
a damper, so that it may be opened or closed at the 
will of the workman, and air is thus allowed to flow 
over the heated ore in the hearth, s. The deep-set 
grate-bars, p, rest loosely in their places, and support 
the coal which consumes in the fire-place, i. All parts 
oi the fi^rnace that are exposed to great heat are formed 
of ^re-brick ; the exterior waWs. are oi Wie \i^\iaL red 
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brick, and the whole structure is bound or cramped 
with wrought iron rods, that are passed through the 
Walls in various directions, and are keyed on the 
exterior to cast-iron bearing-plates. 

Instead of this single furnace, some establishments 
ftre provided with calciners having two, and even three, 
hearths, one above the other, which are used under the 
impression that an economy of fuel is thus obtained ; 
others have the ore calciner on the top of the smelting 
furnace } while a third plan is to connect the calcining 
hearth with the smelting hearth upon the same level, 
and heat them both with the same fire. 

The fuel used in the furnaces of Swansea is, as has 
already been shown, the mineral coals of the Welsh 
basin. The deep fire-place is especially contrived to 
secure their proper burning, and to enable the work- 
man to make use of the support of clinker, which forms 
from the semi-fused ash. The workmen are able to 
regulate the draught and manage the fire from beneath, 
and the unconsumed results of combustion fall into U^e 
commodious ash-pit, k. 

The mixture of ores having been satisfactorily made, 
is carried to the large hoppers, t t, and at the proper 
time let down upon the hearth, where it is spread 
equally over the fire-brick surface, covering it to the 
depth of 6 or 8 inches. The quantity of ore put in 
varies, according to the size of the furnace, from three 
to six tons. The fire is in the beginning kept low, and 
the first hour or two serves to heat the charge gradually 
without bringing about important chemical changes. It 
is occasionally moved with a long rake, known as a 
stirring rubble, that is introduced fewcLNJckai-v^^^^sRic^^ 
and serves to expose a new a\xrf».cfe ^:.o >i>aa «5iN5vss^ ^'^ ^^^ 
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fire and air. The heat is gradually increased^ so that^ 
at the end of about three hours^ the charge is visibly 
red^ and afterwards yellow-red; but since this high 
heat penetrates only to about one inch below the 
surface, the ore must be often turned oyer by means 
of long iron paddles, that no part may escape the action 
of the hot gases. The aperture, o, at the comer of the 
fire-bridge, is left open to an extent deemed necessary 
for supplying the required quantity of air to secure a 
proper oxidation, and the draught rushing in at the 
hottest part of the hearth is rapidly spread over tilie 
whole surface. 

It is evident from the object sought to be accom- 
plished by this roasting, that the length of time neces- 
sary to calcine the ore does not depend upon the 
amount of copper, but upon the amount of sulphur it 
contains. The usual time is somewhat over nine hours^ 
and when the ores are especially rich in sulphur and 
silica, even as much as twelve hours are needed. 

In those furnaces where the ore is calcined on two 
hearths, the charge to the amount of about four tons is 
first put on the top of the furnace, where, after 
becoming dry, it is passed to the upper hearth by 
apertures in the arch. This hearth is heated from 
below, and serves to bring the ore to a condition that 
fits it for rapidly calcining after being passed to the 
lower hearth. After remaining here for about six 
hours, and being subjected to a strong flre^ it is ready 
for taking out. 

In either furnace, when the ore is sufficiently calcined, 

it is scraped through openings into the vaults or cubs 

below, where it is completely drenched with water, in 

wir/cli operation much sulphuretted "hydrogen \&^«a 
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off, and a corresponding quantity of oxides formed. 
The ore is then removed from the cubs to a yard, 
where it is allowed* to remain stored for some time^ 
since it is found that the decompositions which take 
place in the damp powder aid in securing in the next 
smelting a matt richer than that obtained when the 
ores are fused directly from the calciner. 

The chemical changes which take place in a calcining 
furnace are extremely simple when pure ores are 
present. As the heat rises, some of the sulphur of 
the iron pyrites volatilises, and then sulphurous add 
and the oxides and sulphates of some of the metals 
are formed. When at the end of the process the tem- 
perature is raised very high, most of these sulphates 
are decomposed, and the oxides remain behind. When 
antimony and arsenic are present in the ores the action 
is somewhat more complicated. Duripg the earlier 
part of the operation, when the sulphur goes off, the 
two metals accompany it to a small extent as sulphides. 
When the heat is raised a little higher, and but a small 
amount of air is admitted, the oxide of antimony and 
arsenious acid are formed, both of which being volatile 
are carried off through the chimney. But when the 
heat is still further increased and more air admitted^ 
these two substances take on more oxygen, and com- 
bine with the bases present, forming refractory antimo- 
niates and arseniates, which remain with the mineral. 
In cases where the establishment has sufficient ove 
for the purpose, those holding arsenic and antimony 
are calcined alone, and slowly, utitil nearly all of 
those disadvantageous substances are driven off, and 
then mixed with the purer pyritifero>\^ ^sst^'a. ^Xsj^ei. 
supply the sulphur necessary ?ot tcvsijAs\^ "^v. ^sasfis^*- 
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Hence a large establislimeiit^ supplied from a great 
number of localities^ is often enabled to make excellent 
copper from ores of but moderate pftirity* The tin that 
may be in the original mineral cannot be removed by 
calcining. About 1 cwt. of coal will be required to 
calcine a ton of ore^ and at the end of the process from 
12 to 15 per cent, of sulphur will still remain in the 
charge. In calcining^ three men are employed to 
attend each furnace by day, and three by night ; they 
are paid by the watch^ and but little skill is required to 
carry out the process. 



PROCESS II. FUSION OF THE ROASTED ORES FOR 

COARSE METAL. 

The object of this operation is to concentrate the 
copper in a sulphide or matt, and remove from the 
roasted ores the silica and earthy matters with which 
they are encumbered. The furnace in which the pro- 
cess is performed is represented in the adjoining 
drawing. A large furnace of this class has a hearth^ c^ 
14 feet long by 11 feet broad, and measures on the 
exterior of its walls 22f feet by 15. All the parts 
exposed to the fire are built of the best fire-brick, of 
which 8500 will be required in its construction. The 
grate, e, and the fireplace, f, are arranged for burning 
coal in a clinker-bed, and their dimensions are made to 
bear a proper proportion to the area of the hearth, c. 
The workmen can descend into the ashpit, a, to regulate 
the fire, and at the opposite end of the apparatus the 
door, n, is used for drawing the melted slags from the 
dearth. A hopper, h, on the top of the furnace serves 
^o collect the ore previous to letting \\, do^u \x^Qv^t\ya 



I 
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hearth, c, and a hole in the lowermost part of this 
hearth, furnishes a means of tapping off the melted 
matt that collects during the smelting. 

The construction of the bottoms, b .b, requires much 
care on the part of the furnace-man ; the material of 
which they are made has already been spoken of in 




Chapter YIII. It is a highly siltcious sand, and is 
usually obtained from the sea shore, where it has 
undergone a process of winnowing by the winds, so 
that much of the lime that originally existed ia it in 
the form of small shells has been carried away. Two 
inches of slags are first melted on the floor of the 
newly made vault; sand is thrown upon this to the 
depth of about IS inches, calcined for a couple of 
hours and then shaped and beaten down ; some slag is 
then thrown in and melted on the surface ; a second 
layer of sand 4 inches deep follows, and above this a 
thin layer of slag ; the whole bem:^ vqS^'^c^:^;^ \r> 
repeated meltings is ready tot -oat. TL\iK.wa >v*.'w=««»- 
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win sometimes last 12 months^ but are generally not 
so durable; they absorb a considerable quantity of 
copper^ wbich is thus locked up as dead capital, and by 
their gradual melting out^ they supply the ore with an 
important silicious flux. 

The roasted ore from the yard is weighed out in 
hundredweights, and carried by the workmen to the 
hopper, H. At this stage of the process, the raw 
carbonates are introduced, since the absence of sulphur 
from their composition makes it unnecessary to subject 
them to a previous calcining ; besides these the slags^ 
rich in copper from process IV., are here worked over. 
The amount of the charge will yary with the size of 
the furnace, and the fusible properties of the ores, but 
it generally weighs from 3 to 8^ tons, and is made up 
as follows : — 

Calcined ore from process I. ... 36 cwt. 

Raw ore 26 ,, 

Sharp slag from process rV. ... 8 ,, 

70 

To this, when a fluid slag is sought, silica and fluor 
spar are added. The charge is precipitated into the 
furnace by drawing a slide from the bottom of the 
hopper, and is spread evenly over the hearth. The 
doors are closed, the air holes stopped with clay, and 
the heat raised as rapidly as possible. Through small 
apertures in the door and chimney, the workman 
watches the condition of the interior, and regulates 
his draught and fire accordingly. At the end of five 
hours when the furnace has reached a white heat, and 
all ap/>earances are favourable, the door is removed and 
B Jong rake passed through the ftuiA coix\.ejTA."&> ^^ ^«s^ \f 
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the whole charge is perfectly fused. This being the 
case^ the workman after allowing the mass to settle^ 
begins the operation of skimming, that is^ drawing off 
the scorise or slag^ which has formed^ and from its low 
specific gravity floats on the surface of the matt ; this is 
done by means of a long scraper, the slag being removed 
through the aperture, n. Much experience is required 
in properly conducting this opei:ation, and great care is 
necessary in drawing the scraper along the surface of 
the metal, so as not to take out any of the valuable 
lower stratum along with the slag. When the work- 
man by a want of attention allows copper to mix with 
the slags, so that they hold more than about a quarter 
of a per cent., he is compelled to resmelt them free of 
charge ; a regulation that serves as a check to secure 
his good working. When the furnace is skimmed, it is 
the usual plan to let down a second charge of ore, and 
fuse and skim in the same manner as above, before 
tapping the hearth to let out the matt. When suffi- 
cient metal is collected, the tapping is accomplished by 
breaking out the clay stopper, and thus opening a com- 
munication between the lower part of the hearth and 
the exterior. Prom this aperture the matt is run 
directly into a vat of water 6 or 8 feet deep and 4 to 5 
feet square, at the bottom of which is a box with a per- 
forated bottom that receives the granules thus produced, 
and which may be raised by a crane and the contents 
removed to the yard to dry ready for the next operation. 
Another plan is to run the matt into moulds, and thus 
form pigs, which are stamped to a powder before going 
to process III. 

Since at the time of throwing t1aa c$t^ \»^ ^^aa 
furnace the hearth is at a liigla.\ie«kt,%iSL€LVATL%^^^'^^s^^ 
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in ; the sulphides of iron and copper are formed and 
sink to the bottom. The silica combined with copper, 
gires it up to the sulphur^ combines with the oxides of 
iron and other bases^ and rises to the top^ forming a 
distinct layer of slag. The tin that may be present 
goes partly into the slag as an oxide, while the 
antimony and arsenic combining with the copper are 
absorbed into the matt. Where insufficient sulphur is 
present, the copper will] not all go into the matt, but a 
portion, will reduce to blister copper and fall to the 
bottom, and at the same time the slag will be found to 
hold suboxide of copper. 

The matt or coarse metal produced amounts generally 
to about 34 per cent, of the charge, and holds about 
80 per cent, of copper, 34 per cent of iron, and 30 per 
cent of sulphur. The slag contains about 70 per cent, 
of silica, the remainder consisting of various bases; it 
is broken to pieces and carefully sorted, all pieces con- 
taining globules of matt being returned to the furnace 
again, and the remainder, which is generally not allowed 
to contain more than quarter of one per cent., is cast 
away. To produce a clean slag is a primary object 
with the smelter; and the size of the furnace, the 
amount of the charge, and the length of time employed 
for fusion, are all considered as influencing the quantity 
of metal that remains among the silica. 



PROCESS III. — CALCINATION OF THE GRANULATED OR 

POWDERED COARSE METAL. 

The object of this process is the expelling of a large 

portion of the sulphur that forms part of the powdered 

eojuve metal, the formation of oxidea oi eo^^et wcA vtwx 
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£rom the sulpUdes^ and the driving off of as much as 
possible of the antimony and arsenic. It is performed 
in a famace similar in its general features to that used 
for the calcination of the ores in the first process. 

The powdered or granulated matt is transported to 
hoppers on the top of the furnace^ and let down upon 
the hearth in quantities %^arying from 3^ to 4 tons. 
This mass being easily fused^ great care is required not 
to raise the heat of the furnace too high at firsts in 
which case the powder would clot, and^ by adhering to 
the bricks, prove prejudicial to the furnace and to the 
completeness of the calcination. When a charge is let 
into a furnace it is first brought slowly to a visible red, 
and. then the fire is cautiously increased until a bright 
red colour is reached, which should require at least 14 
hours. This temperature is continued till the charge 
has been in the furnace 24 hours, the attendants stirring 
or turning it over with iron paddles every one or two 
hours. 

The holes leading into the cubs are then opened, and 
the charge scraped through ; water is thrown over the 
powder while it is yet in a heated condition, and when 
cooled it is carried to a hes$ to await its transport to 
process IV. 

The chemical changes that take place here are very 
similar to those described for the first process of cal- 
cining. men arsenic and antimony are present it is 
well to lengthen the action of the fire that they may 
be carried off, but care must always be taken that 10 
or 12 per cent, of sulphur remain in the charge that 
the next following process may proceed properly. 
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PROCESS IV. — FUSION OF THE CALCINED COARSE METAL* 

The object of this fusion is to cany off a large part 
of the iron with which the metal is still mixed^ and 
produce a matt which shall be a still richer sulphide ol 
copper. It is carried out in a furnace which differs so 
slightly from that employed in process 11.^ that it does 
not require a particular description. At this period 
again, as at the beginning of process 11.^ the rich 
foreign carbonates, and those sulphides and oxides con* 
taining little iron, can be introduced with profit. The 
charge of a usual furnace consists of about 53 cwt. and 
is made up nearly as follows : — 

Calcined coarse metal 24 cwt. 

Foreign raw ores 24 ,, 

Befiner and roaster slag (processes Y., YI.) 4 „ 



52 

Beside these substances, copper scales from rolling 
mills and the cobbing or broken hearths are frequently 
added; and among so many elements it becomes a 
dif&cnlt matter for the fmnace-man to know in what 
proportions he shall make his mixture. The only 
criterion is deduced from the action of the first charge ; 
hence it sometimes happens that instead of getting 
as a product, a nearly pure subsulphide of copper, 
he obtains a matter yery largely adulterated with 
sulphide of iron, and much copper goes over into 
the slags: failures which must be remedied by a 
re-arrangement of the proportions of the elements of 
the charge. 

The materials in the proportions above indicated, or 
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in such quantities as the judgment of the furnace-man 
suggests, are brought on the hearth through the hopper 
or working door, and spread evenly over its surface. 
When this is done, the doors are closed and luted, and 
the fire regulated to give out the required heat. At 
the end of an hour incipient symptoms of fusion appear 
as well in the softening of the mass as in the evolution 
of gaseous matter; and in about three hours after 
charging, two layers appear on the hearth, the upper 
thick and undissolved, the lower a thin fluid. The 
heat is increased and all the solid matter melted ; the 
fused mass occasionally stirred, and the pieces adhering 
to the sides of the furnace are struck down into the 
hearth, and at the end of six hours the separation of 
the charge into two layers appears to be complete. 
The slags are then skimmed off as in the previous 
process, and the matt which remains on the hearth, 
is either tapped off into vats of water and granulated, 
when it is known tiS fine metal; or the charge is run 
into sand-beds and moulded into pigs, when it is known 
as blue metal. 

In this process the silica of the slags and furnace 
hearths, absorbs the oxide of iron which has been 
produced by the roasting; the copper which may be 
taken up as an oxide by the slag, is removed again by 
coming in contact with the sulphide of iron that gives 
up its sulphur to the former metal, which then collects 
in the matt, or coming in connection with the oxide 
or silicate of copper, gives metallic copper and 
sulphurous acid. 

The matt or bltie metal obtained, is, when the re- 
actions have been complete, an almost pure sisi^ 
sulphide of copper; but snlpViide oi VtopD. S& -^^w^^^ 
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present; and the average composition may be taken 
at— 

Copper 73-0 

Iron 6*5 

Sulpliur 20-5 

100 

The slag, which is a proto-silicate of iron with various 
impurities, contains from 1 to 2 per cent, of copper; 
and on account of its breaking into sharp edged 
fragments, is known as sharp slag. It goes back to 
operation II. 



PROCESS V. — ROASTING THE BLUB OR PINE METAL. 

It is sought by the fifth operation to expel all the 
sulphur, and to obtain a copper as free as possible from 
metallic impurities. The means adopted are to expose 
the matt to the action of heat and the oxygen of the 
air; and by the addition of a small amount of silica to 
take up the iron and other oxides as slags. 

The furnace is similar to that described for pro- 
cess II. ; but is not furnished with a hopper, since the 
charge, instead of being put in from above, is introduced 
at a side door. This is done by means of a long paddle, 
upon which each pig is transported carefully to its 
proper place on the hearth. The charge amounts 
nsuaUy to 3 to 3|- tons of metal, or enough to produce 
2^ to 3 tons of copper. The furnace is much cooled 
by the introduction of the charge ; but as so6n as all is 
in, the door is closed and luted fast, and a strong fire 
Siven, so that fusion soon commences. The highly 
Seated gaaea striking the surface oi \Jaft ^\%^ caxvaea 



THE METALLURGY OF COPPER. 141 

them to trickle do^ni in drops, in this way exposing 
much surface to be oxidised, and much sulphur to 
escape as sulphurous acid. The heat is raised until the 
contents of the furnace are in a complete state of 
fusion, in which condition they are kept some time^ 
while sulphurous add escapes in considerable quantities, 
causing a boiling in the mass. The fire is now allowed 
to abate, and the door of the furnace is opened. The 
result of the entrance of cold air is to cause the forma* 
tion of a crust on the surface of the fluid, and its 
reduction from a bright, to an incipient state of redness. 
The liquid portion beneath, however, still continues to 
give off sulphurous acid gas, which as it rises in bubbles, 
causes a motion among the particles that answers the 
purpose of stirring. The door is closed when the 
temperature falls too low, and the mass is again 
brought to a high heat. This smelting and cooling is 
continued until the gaseous matter ceases to be given 
off, and the process of oxidation is known to be 
sufSciently advanced. The door is now tightly closed^ 
and the fiire renewed, and increased gradually for six 
hours, during which time sulphurous acid still continues 
to escape. Up to this stage, slags, on account of the 
low temperature, have not begun to form to any 
amount; but now the fire is raised to its highest pointy 
and the silica which comes from the walls and bed of 
the furnace, and from the sand that hangs to the pigs, 
unites with the oxides of iron and copper, and other 
bases present, and rises to the surface, from which it 
is carefully skimmed. An impure metallic copper 
gradually fills the hearth of the furnace; and at the 
end of the process, which lasts about 24 hours, this k 
tapped into rectangular monid^ ioTY£ifeft^ Vcl ^^ ^^^rat. ^ 
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the foundry. This product is known as coarse copper, 
bed copper, pimpled copper , or blistered copper, according 
to quality; but the term, coarse copper, is sometimes 
applied to all these kinds except the blistered. If the 
cooling or setting of the ingot is accompanied by 
contraction, it is termed bed copper, and other metals, 
as tin, are then known to be present ; when the surface 
is covered with pimples, which indicate the presence of 
sulphur, the product is called pimple copper ; and when 
the copper is good and ready for refining, it becomes 
covered with flakes or scales of the oxide, and is then 
known as blistered. The coarse copper contains from 
90 to 95 per cent, of metal, and the blistered copper 
95 to 98 per cent. ; the remainder being in both cases 
chiefly, iron, sulphur, silica, tin, antimony. 

When the pure variety of the metal known as select 
copper is required, a slight change is introduced into 
the above process. The circumstance that the anti- 
mony, arsenic, tin, lead, &c., which exist as sulphides, 
quickly lose their sulphur, and are changed to a 
metuilic condition, by coming in contact with copper 
or its oxides, causes these elements to be collected in 
the first copper that falls as a metal to the bottom of 
the furnace. When therefore these copper bottoms are 
tapped off — when but about one fourth of the matt is 
reduced — ^what remains in the furnace produces a 
nearly pure metal. 

These bottoms sometimes contain as much as 12 to 

14 per cent, of tin, and are worked up to form an 

inferior product known as tile copper. The scoria, 

which is called roaster slag, is very basic and rich in 

'Copper; it goe% back to be reduced in process IV. 



THE METALLURGY OF COPPER. 148 



. P&OCESS VI. REFINING THE BLISTER COPPER AND 

POLING. 

In this process, the smelter brings his metal to the 
condition of a marketable product. The copper result- 
ing from the last smelting, as has already been shown, 
contains several per cent, of various substances, such 
as sulphur, iron, lead, tin, antimony, &c., which it is 
the object of this operation to remove, and afterwards 
to produce in the purified copper that condition of 
malleability which is known as tough pitch. The fur- 
nace employed is similar to that used in process II., 
except that it i^ smaller and has no hole in the hearth 
through which the contents may be tapped off; instead 
of this arrangement, the hearth is made to incline slightly 
toward the front side, where a small depression is left 
that collects the liquid metal, and allows it to be dipped 
out with a ladle. The charge, consisting of about eight 
tons of blister or coarse copper, is deposited in the con- 
dition of ingots on the hearth, and the doors imme- 
diately closed and luted fast. A strong heat is then 
given and kept up, until the copper is completely 
smelted, when the slight slag which collects on the 
surface of the metal bath is skimmed off, the draught 
decreased, the apertures prepared for the admission of 
atmospheric air are opened, and the Oxidising process 
commences. The m^etal is occasionally stirred with a rake 
that the separation of the impurities may be more 
complete; and some refiners throw pieces of green wood 
on the surface, under the impression that it assists in 
the escape of the sulphur. The suboxide o€ <5.cs^^3t Sss. 
formed in the upper stratum oi t\ie ^^^^ -cc^aaa^^'^ss^ 
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being soluble by the melted metal is absorbed into it, 
where meeting with easily oxidisable metals such as 
iron or zinc, it gives up its oxygen to them ; where- 
upon, by reason of their lower specific gravity, they 
rise to the surface, and, meeting with silica, they are 
quickly turned into a slag, which is scraped off by the 
attendant. Subsequently, sulphur is changed by the 
same oxidising agent, to sulphurous acid, which ascend- 
ing to the surface causes a boiling or rising in the 
mass, but the attraction of the tin, arsenic, and anti- 
mony for the copper is so great, that but a small quan* 
tity of these metals can be extracted in this manner. 
Some manufacturers add a little lead at this stage of 
the process, which, combining with a part of the anti- 
mony and tin, forms a heavy alloy, that falls to the 
bottom of the hearth and can be separated. The air 
is allowed to play over the surface of the metal for 
some time after the boiling has ceased, until a sample 
taken from the furnace shows by its colour, fracture, 
and manner of cooling, that a large quantity of the 
suboxide of copper remains dissolved, and hence, the 
refiner being convinced that iron, zinc, and sulphur are 
expelled, proceeds to the last stage of the process — ^the 
polinff. 

The dry capper, as the metal having a large quantity 
of suboxide in solution is called, is first covered with a 
layer of powdered anthracite or of charcoal, for the 
purpose of preventing the absorption of more oxygen. 

The suboxide that remains dissolved, is now reduced 

by thrusting within the fluid mass, a large spar or pole 

of green birch or oak, which is decomposed by the high 

heat J carbonaceous gases are evolved, which escaping 

through the metal, act strongly , xedwcmg themselves. 
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and by the commotion produced, cause every part to be 
brought rapidly and thoroughly in contact with the 
anthracite or charcoal on the surface, and in this way 
all the suboxide may soon be redticed to metallic copper, 
while its gaseous portion escapes in combination with 
carbon into the air. This action is continued for from 
a quarter to half an hour, during which time samples 
are taken at short intervals and tried beneath a hammer 
or in a vice to determine their malleability. When the 
metal has reached what is termed the proper pitch, the 
assay bends readily without showing any breaks on the 
edges, and its fracture should have a fibrous silky lustre, 
and a light colour. When this pitch is attained, the 
pole is withdrawn and a larger sample termed a trial, 
taken out, and cast in a small mould, and is beaten 
with sledge-hammers into a plate. If the copper be 
good this plate will not crack on the edges, and the 
surface will be smooth and tree from scales. It occa- 
sionally happens that poling is continued too long, in 
which case all the suboxide is reduced, and the metal 
assumes a light colour, loses its toughness, and becomes 
hard. To remedy these defects, which are variously 
ascribed to the absorption of carbon from the pole and 
coals, and to the action of the impurities in the metal, 
which the presence of a small quantity of the suboxide 
of copper neutralises, the air is again allowed to play 
over the surface in order to oxidise the carbon, or produce 
more of the suboxide, and the operation of poling re- 
peated. When by the assay and trial the copper is 
found to be neither insufEiciently deoxidised [dry} nor 
over-poled, but to be of good colour, soft, malleable, 
and tenacious {tough pitch), it is laded from the furnace 
into moulds which form it into ingotE, t\le%^ ^^ -uywe* 
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boTiy as the demand may be. When it is intended for 
the mannfactiire of brass^ it is granulated by a process 
resembling that described for the granulation of the 
coarse metal. When the water into which it is thrown 
is hot^ round grains are obtained analogous to lead 
shot, and copper in this state is known as bean shot. 
When the melted metal falls into cold water, the grains 
are irregular and thin, constituting feather shot. 
Copper is also made into small ingots about six ounces 
in weight ; they are intended for exportation to the 
East Indies, and are known in commerce as Japanese 
Copper. These little pieces, as soon as solidified, are 
thrown in their heated condition into cold water, which 
slightly oxidises their surface, and gives them a fine red 
colour. 

Copper is sampled for sale by drilling two holes on 
opposite sides of the bar or ingot, and dividmg the 
chips produced between the assayers of the buyer and 
the seller, from whose analyses the worth of the product 
is determined. 



CHAPTER XI. 

The SMELTiKa of the Copper Ores in Manspeld, Prussia ; 

THE COHTTINEWTAL METHOD.* 

The county of Mansfeld, which lies just beyond the 
south-west borders of the Hartz, has long been cele- 

* The descriptions of the Mangfeld process, which even to within a v^ry 

recent date have been published in the ^glish language, will be found to 

differ widely from that given here. They generally exhibit the condition 

of the metallnrgic processes as they existed thirty years ago. Since that 

period no method in copper smelting "has paaaed WacoTJkJiJti ^ tsiqx^ x^mack* 
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« 

brated for its copper. Previous to the thirty years' 
wsr^ much metal was seut hence to the manufacturing 
centres of Europe. That convulsion destroyed its 
j^posperity for a time^ but about 1730 its mines and 
furnaces were again opened^ and from that period until 
tike present day, copper and silver have been produced 
in gradually increasing quantities, and new processes 
of reduction have been successively invented and 
adopted, and in their turn replaced by better, until, at 
lengtii, a degree of technical perfection has been 
attained which leaves little to be desired. 

aUe aad instructiye series of phases. Tlie ancient process of liquation (see 
chapter yiii.) was then in use for separating the copper and silver, and the 
yarions smeltings and roastings had the object of preparing the metal for 
ihif wMtefiil operation. This ceased entirely in 1836, and gare place to 
the less expensive but unhealthy method of amalgamating ike copper matt^ 
which had long been in course of experiment at the company*s works. 
Tbia continued until 1849, when the ingenious process of Angustin was 
adopted for a time. It was in its turn replaced by the simpler and 
cheaper plan of Ziervogel, which was invented in 1840, and brought to a 
limited extent into use in 1 844, and has been since 1851 exclusively employed. 
The difference in the previous and subsequent working of the copper 
mxneral makes it difficult to institute a comparison of the expense of 
dfisUverising by the various plans, but roughly the cost of treating oxie 
hundredweight of copper, which usually holds J lb. of silver, was by 

liquation 10 thalers. 

Amalgamation 54 „ 

Augustin's method ... 44 ,, 
Ziervogel's method ..• 24 |, 

And ike amount of silver remaimng in the copper was, by 

liquation ^th Of one per cest 

Amalgamation ^th „ 

Augustin*s method... ^^th ,, 

Ziervogers method ... ^th „ 

I cannot fail here to express my thanks for the kind attentions and 
assistance given me by the very intelligent officers of the various minea^ 
furnaces, and rolling mills belonging to \.\vft "J&»3^^^ ^^\ss5gi>sxi ^^^lat 
EMeben, Hettstedtf and BothenbuTg. 
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The various mines and furnaces which were originally 
possessed by separate companies, were united in 1852 
under a single direction, the chief office of which is 
situated in Eisleben, and at present an admirable 
system connects the various mines, furnaces, desil- 
verising works, hammering establishments, and rolling 
mills, and profitable returns are secured to the stock- 
holders. 

The ore occurs in a remarkable bituminous seam or 
stratum in the Zechstein, — a portion of the group 
known to English geologists as the Permian, which 
has already been shown to be distinguished for its rich- 
ness in copper. It diifers from most copper ores in 
being found not in a regular vein, but stratified like 
coal or slate, whence is derived its usual name of copper 
schist. Regarding the manner in which these ores 
were deposited or concentrated, geologists have as yet 
given no satisfactory theory. 

The mining, which is sometimes carried on to the 
depth of seventy or eighty fathoms, is particularly 
arduous on account of the diminutive size of the ore- 
seam, the whole thickness of the stratum taken out 
seldom amounting to more than eighteen inches, which 
makes it necessary for the miner to do all his work 
while lying flat on his left side. 

The portion which^ is smelted, constitutes but from 
10 to 18 per cent, of this stratum ; and here the copper is 
chiefly contained as finely disseminated particles of the 
various sulphides. The following analysis by Berthier 
gives the constituents with approximate accuracy : — 

Silica 40*0 per cent. 

Alumina 10*7 ,, 



Carried forward 50*7 



THE METALLURGY OF COPPER. 149 

'^Brought forward 50*7 per cent. 

Oxide of iron 5*0 

Carbonate of lime ... 19*5 
Carbonate of magnesia 6 *5 

Potasb 2*0 

Sulphide of copper ... 6*0 

Water and bitumen ... 10*3 



100*0 



The proportion of the silica to the earths is such 
that, the fusion is accomplished with little diflSculty — a 
circumstance of great weight in settling the economy 
of reduction. The proportion of copper in the ore 
varies between 2^ and 5, but will average in the neigh- 
bourhood of 2f of one per cent., and the amount of 
silver present averages not more than 7^*^ ®^ ^^® P^^ 
cent., or one pound of silver for 200 lbs. of copper. 
Besides these metals, zinc, lead, nickel, and cobalt 
exist in the raw ore in small quantities, and the win- 
ning of nickel vitriol is made the subject of a special 
operation. 

Although the company possesses much woodland in 
the vicinity of the Hartz, it is found more profitable to 
sell their wood and charcoal, and briug the chief part 
of their fuel from England, the German coalfields on the 
Rhine, and various cities where large quantities of gas 
coke are made. The English coke is considered of the 
most superior quality, and it reaches the works of the 
company in considerable quantities byway of Hamburg. 

Small bundles of brush wood or bushes answer as 
fuel for the muffle furnaces, and for calcining or 
burning, and the brown coal dug in the vicinity 
supplies a cheap heating material when mixed with 
other coals for the reverberatory furnace^ ^i^<L ^^^Jasst 
apparatus where a strong ftame la xecpca^^. 
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As flux^ beside the various slags which being too rich 
to be cast away are returned to the tunnel head^ fluor 
spar is used where the ore is so silicious as to be 
refractory. It is obtained in larger quantities in the 
immediate vicinity. 



OUTLINE OF THE PROCESSES IN USE FOR BEDUCINa 
AND BESILVERISING THE MANSFELD ORES. 

In studying the series of processes which lead to the 
production, of the soluble metals the reader will be 
aided by keeping in mind the following order of 
succession. 

I. The burning of the schist in large heaps to driye 
off water and bitumen^ and produce a mechanical 
condition favourable for smelting. 

II. The first smelting in cupola furnaces^ by wluch 
the superabundance of silica and earths are removed aa 
worthless clay, and a coarse metal or matt is produced 
containing about 35 per cent, of copper with silver in 
the form of sulphides. 

III. Boasting the m^t or coarse metal in heaps in 
the open air, for the purpose of driring off the aupes- 
abundance of sulphur and oxidising the iron. 

IV. Concentration of the roasted coarse metal in 
reverberatory furnaces, Mid granolatioii of the same by 
pouring it into water. The result of this operation, is a 
fine mstal holding about 65 per cent, of copper and silver, 
and a rich slag which is sent back to ihQ first smeUin^f, 

y. Grinding the granulated fine metal to apowder« 
VI. Koasting the powdered metal until most of the 
copper becomes an insoluble oxide, and all the silver is 
changed to a soluble sulphate. 
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VII. Disolving out the sulphate of silver with warm 
water^ and precipitating the metal with copper as 
cement silver. 

VIII. Mixing the remainder, which' contains about 
75 per cent, of copper, chiefly in the condition of an 
oxide, with fluxes and smelting it in a cupola furnace, 
producing 1st a worthless slag, 2nd a rich matt which is 
sent back to the furnace, and 3rd a black or coarse 
copper containing 98*5 per cent, of that metal. 

IX. Hefining the coarse copper, which process is 
either performed in a reverberatory furnace by a method 
that does not difier materially from that described in 
cliapter X., thus producing a malleable copper at once 
from the coarse copper, or according to the usual 
German method, in what is knovpi as the German 
l^arth, by which means rosette copper is produced. 
This product is eith^ sold as such, or subjected to a 
second process of refining upon a somewhat similar 
hearth, by which it is brought to a malleable condition, 

DETAILS OP THE METHOD OP REDUCINO AND 
DESILYBRISING THE MANSFELD ORES. 

PROCESS I. — BURNING THE ORES. 

The object sought to be accomplished by this process 
is to get rid by volatilisation or combustion of as much 
as possible of the bitumen, water, arsenic and antimony, 
and a portion of the sulphur which are present in the 
fresh ore, and thus to produce a state of division or 
looseness among the particles, that will make its fusion 
easier in the process immediately following. To drive 
off too much sulphur is however disadvantageous; 
enough must always remain to iptodLXMi^ ^ ^^^^o^ ^^wwc^^ 
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metal. The process partakes more of the nature of a 
burning than of a roasting, and it is generally 
accomplished in large heaps generally constructed in 
the immediate vicinity of, and on a higher level than 
the smelting furnace. 

The ore delivered by wagons from the company's 
mines is weighed and deposited iu' the burning yard. 
When a heap is to be formed, a number of bundles of 
dry brush wood are laid side by side on the pavement 
where the borders of its foundation are intended to be, 
thus enclosing a space 2 or 800 feet long, and 30 or 40 
broad. Across this space two or three rows of bundles 
are laid, and another row in the direction of its longest 
diameter, and where these interior rows cross, 6 or 8 
bundles are piled together. The schist is now brought 
in wheelbarrows, and piled loosely on these faggots until 
the heap reaches a height varying from 7 to 10 feet. 
From 300 to 900 tons are then thrown together and set 
on fire at one side. The fire gradually spreads, the 
rows of brush wood furnish canals by which air enters 
the centre of the heap, the piles of wood along the 
middle line act to a certain extent the part of chimneys, 
and the entire heap undergoes a slow smouldering 
combustion. When the schist is heaped while in a 
moist condition it burns better than when it is used dry, 
because when the water has evaporated the mass is 
loose and permeable for the air. Such a condition is 
brought about most effectually when the heaps are 
made during cold weather, so that frozen blocks can be 
piled together and subsequently allowed to thaw 
gradually. It is also more than probable that water 
takes an active chemical part in the combustion. 
Wj&eo the Sre consumes all the bitumen in. the schist^ it 
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goes out^ and the process is ended ; this takes place in a 
greater or less time according to the size of the heap^ 
but seldom in less than 8 or 10 weeks^ and sometimes 
after 3 or 4 months. The schist is changed by the 
operation from a dark coal-like mass with a silky 
lustre to a gray ashy substance^ which does not in the 
least resemble a metalliferous body. Sometimes where 
strong winds prevail for a number of days, the ore 
smelts together and forms a solid mass that is difficult 
to break apart, and which losing much of its sulphur 
in the high heat, has to be mixed with a highly 
sulphurised ore in the next smelting. That this trouble 
may be avoided the workmen often shelter the heaps from 
the storm by boards, or a coating of small coal placed 
on the side from which the wind blows. The loss in 
weight by the operation is about 16 per cent., the 
volume is made -^ less, and about 10 lbs. of wood are 
used per ton of ore. 



PROCESS II. — THE FIRST SMELTING. 

The burnt schist is now carried from the burning 
yard to the furnace where it undergoes the first 
smelting. This process has for its object the con- 
centration of the valuable metals in a rich sulphide or 
coarse metal ; and the production of a poor slag which 
contains most of the silica, lime, and earths, with which 
the ore is so largely encumbered* It is accomplished in 
a cupola furnace having the construction shown in the 
accompanying axinometric drawing (fig. 16), in which 
one comer is represented as having been cut away, 
that the interior arrangements may be \ieit\«t ^^««^* 

The entire height of this «:p^^T«X.\v3^ ^^ "^ ^^^^ 



lU 
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6 mcliea ; its greatest width at o, 5 feet 6 inchea ; the 
height of the hearth, a, ia 4 feet 1 1 inches ; and 2 feet 
from the bottom at c, are two tuyeres of cast iron (or 
the iDtrodoctioD of air. The hearth-stone, ^ is 2 £eet 




^.ir^ 



n ■ i ' A ' rt -'-Tt-^ 



6 inches wide, aad slopes toward the front side. The 
lower portion of the furnace where the heat is strongest 
ia built of the red sandstone of the vicinity, which ia 
found to withstand fire very well. The upper portion 
above o is constructed of fire-brick, and the oater 
walls are of common masonry. The blast employed is 
heated to about 370° Fahrenheit, and is forced in with 
a pressure equivalent to a column of water 7 or 8 
inches high. In front of the furnace, hollowed in a 
lied of a mixtare of clay and coke powder, are two 
i'aainsf //, three feet in diametet anA oua 100*1. iae^. 
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into which the slag ore and coarse metal run* A 
smaller furnace is in use at some of the smelting workSj 
but its similarity to the above is so great that it does 
not require an especial description. 

The materials of the charge to be smelted are 
transported to a floor near the tunnel-head^ b^ and 
consist in general of 

86*66 per cent, roasted ore from operation I. 
6*66 „ Flumspar. 
6 '88 „ Slag from operation IV. 



100-00 

The fuel employed is either English and West- 
phalian coke^ or gas coke: when the former is used^ 
60 to 70 cubic feet are required per 100 cwt. of roasted 
ore; of the latter, 80 to 90 cubic feet are necessary. 
This fuel is put on in layers with the ore and flux, aud 
a fresh charge is always added when the gas at the 
furnace top begins to burn, so that when the operation 
is proceeding properly, no flame issues from the upper 
part of the furnace. The contents of the shaft sink 
gradually towards the tuyeres. The metallic oxides in 
the ore are partly reduced by the carbonic oxide 
supplied by the fuel ; the fluor spar is decomposed, and 
a volatile compound formed with the silicum; while 
the lime together with the other bases, as the alumina 
and magnesia, combine with silica, forming a slag which 
flows continuously from one of the two openings at h, 
and hence into the basins, //. 

Portions of the zinc and lead are reduced and 
volatilised, being chiefly blown by the strong blast 
from behind, in the form of fumes out of tha ^^\fe«sx^^ 
at €, prodndng a lojag gteemabL \iV\va ^^axcks.* '^^>as8k 



156 THE BCETALLURGY OF COPPER. 

copper^ silver^ and some of the] iron smelt together as a 
compound sulphide or coarse metal, and flow with the 
slag into the basins^ //. By reason of its greater 
specific gravity^ this metal collects at the bottom of the 
basins^ and the slag floats upon its surface. As the 
hollows fiU^ the workmen drag away this slag which is 
tough and glassy^ and remains soft for a long time. It 
is pressed into iron moulds and allowed to cool^ after 
which it is sold to the neighbouring peasants for 
building stone. 

The basins, //, are used alternately; the coarse 
metal which collects in them is allowed to cool in one, 
while the other is being filled, an operation requiring 
from 8 to 12 hours. The cooled mass is drawn from 
the basin by means of an iron bar which is inserted in 
it while yet fluid, and broken in pieces with sledges. 
The rough exterior is sorted out and returned to the 
fusion just described, while the remainder, being about 
10 per cent, of the quantity put into the furnace, and 
consisting chiefly of copper, iron, silver, nickel, cobalt, 
and zinc with sulphur — the copper constituting from 30 
to 40 per cent., and the silver from ^ to -J- per cent, of 
the compound — is now passed to a yard near the 
furnace to undergo the next operation. 



PAOCESS III. — ROASTING THE COARSE METAL. 

This is performed in the open air, in stalls 6 or 
8 feet square, and capable of holding 200 to 3O0 cubic 
feet of coarse metal and fuel. These stalls are simply 
open pens of common masonry formed of three per- 
manent walls, and a fourth composed of loose stones 
which may be taken down when metal is to be 
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introduced or removed, but affords a permeable support 
for the pile while combustion is going forward. A 
portion of the metal requires a repetition of the process 
of roasting. For the first fire, the metal in pieces 
about a quarter of a pound in weight, is piled in the 
enclosure upon a layer of wood, that serves to kindle 
the mass, which when once heated, continues to bum 
by the consumption of its sulphur. To regulate the 
admission of air, a layer of breeze or coke powder, 
about 4 inches thick, is spread over the surface of the 
heap. 

When 20 tons are burned together, the combustion 
continues about 10 days, and a loss of sulphur and 
other substances is experienced amounting to 12 or 13 
per cent. When a second roasting is required, the 
small quantity of sulphur present makes a larger 
amount of fuel necessary. The roasted metal is piled 
in smaller heaps, and for every 5 tons, 14 cubic feet of 
charcoal and 400 lbs. of wood are used. This second 
operation produces a mass rich in the oxides, and of a 
dark brown cellular appearance, which together with a 
• proper quantity of the product of the first roasting, is 
now subjected to process IV. 



PROCESS IV. — SMELTING FOR CONCENTRATED METAL. 

This operation was formerly carried out in a cupola 
furnace of a construction similar to that described 
above, but within the last ten years this has been 
entirely superseded by the English reverberatory smelt- 
ing furnace, which was introduced by Hiittenmeister 
Ziervogel from Swansea. A description of this furnace 
has already been given in the chapter devoted to the 
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consideration of the English method of smelting copper^ 
and the changes that have been introduced at Mansfdd 
are so unessential^ that a further detail is not required. 

The object of this smelting is to secure for the sub- 
sequent process of desilverising a matt ox fine metal very 
rich in copper and silver, and to drive off the arsenic^ 
lead and zinc that may be present^ and if allowed to 
remain would interfere with the extraction of the silver, 
and injure the quaUty of the copper produced. 

The roasted coarse metal is wheeled to a large plat- 
form above the furnace, and there mixed as follows :--* 

12 cwt. of coarse metal twice roasted. 

1 or more cwt. of coarse metal once roasted, the 
quantity depending on the amount of sulphur required. 

2 cwt. of slag from process II. 

2^ cwt. of quartz in the form of sand. 

This mixture is thrown into the hopper on the top of 
the furnace^ and by means of an iron sluice let through 
an aperture in the vault once every eight or nine hours. 
The workman spreads the charge over the surface of 
the hearth with a long iron rake ; a strong fire is then 
made, and smelting sets in. At the end of 7 or 8 hours, 
the contents of the furnace are in a fluid condition, the 
silica has combined with the oxide of iron and the 
earths, and swims upon the surface of a thin stratum of 
matt, which consists of the sulphides of copper and 
silver. This slag is scraped off at a side door^ and a 
new charge let down upon the hearth, smelted as before 
and the slag drawn off. These smeltings require 16 or 
17 hours, at the end of which time a large quantity of 
matt has collected in the bottom of the furnace. 

A clajr plug is now broken from an aperture in one 
side of the hearth, and the matt aUo^edi tox\a)L^3atwx^ 
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a stone spout into a trough containing water^ where it 
separates into small drops or grains and falls to the 
bottom; when shoveled from this vat and dried, it 
is ready to be sent to the mill to be ground to a powder. 
The slag that is drawn from the surface of the matt, 
contains some copper, and is carried back to process II., 
where it is mixed with the burnt ore and again smelted. 
The fuel employed is a mixture of English coal and an 
earthy brown coal which is found in abundance in the 
vicinity, in the proportion of 11 of the former to 16 of 
the latter. By means of an inclined stair grate recently 
introduced, the proportion of the cheaper brown coal 
that can be used is increased to S4 parts to 11 of 
English coal. 



PROCESS V. — GRINDING THE CONCENTRATED METAL. 

The object of grinding is to bring the concentrated 
metal to the state of a fine powder, that during the 
next following operation, upon the success of which so 
much depends, the greatest degree of uniformity may 
be secured in the chemical combinations that are 
brought about upon the roasting hearth. The granu- 
lated metal is treated nearly as corn in ordinary mills : 
it is passed through horizontal burrs 4 feet in diameter, 
made of the granite of the Hartz, and driven by water 
power. Upon passing through the stones the rough 
powder is conducted to be bolted, into a hollow 
cylindrical sieve having 1400 to 1500 apertures to 
the square inch, and all the powder that will not pass 
through this is sent back to the hopper to receive a 
second grinding. The meal produced b^ tV^^ ^^•^st.yi^^^scsL 
is collected from the varioua um^Siex ^'e^L'ii^i*i^s^Qssi&^^ 
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and transported to the Gottesbelohnung furnace^ where 
the extraction of the silver is exclusively performed. 



PROCESS VI. ROASTING THE POWDERED CONCENTRATED 

METAL. 

{ZiervogeVs method of extracting silver by means 

of warm water,) 

The foregoing operations have constantly tended 
toward a concentration of copper and silver, which 
exists disseminated through the poor schists, into a 
single product. In accomplishing this the attraction 
possessed by copper for sulphur has been continually 
taken advantage of, until at this stage of the process a 
sulphide known as concentrated metal is obtained, which 
in 1860 contained 67*512 per cent, of copper, 0*3521 
per cent, of silver, and 6 or 7 per cent, of iron ; or to 
the hundredweight of pure copper 0.5215 pounds of 
silver were present. This matt is now at the proper 
degree of richness to subject it to the process of 
extracting the silver by what is known as ZiervogeVa 
Method, and the present roasting is preliminary 
operation in the extraction. 

The essential condition upon which the success of 
separating the two metals rests, is simply the transfor- 
mation of the silver as completely as possible into a 
soluble vitriol or sulphate, while at the same time the 
copper and other metals are made to take on the 
condition of insoluble oxides. 

This can be done by very carefully roasting the 
powdered concentrated metal or sulphide in furnaces 
especially adapted to the purpose. T\ie coxi9\.x\xc\aotl qH 
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these Atrnaces is shown in the adjoining axinometric 
drawing, fig. 17. The length of the entire furnace 
from c to D is 19 feet, its breadth is 13 feet, and its 




height 15 feet; the two hearths a and b upon which 
the roasting is performed, are 10 feet long and 8 feet 
broad, and are formed of good fire brick, which material 
is also used for the construction uf the chimney and all 
such parts as are much esposed to heat. The fire is 
made upon the grate through the door e, and the flames 
passing across a firebridge play over the contents of the 
hearth b, and going np the flue p, are carried a number 
of times back and forth thro»g\i. tVe c^.'oe^^ (i ^^-^ft^ssfe. 
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the small particles of ore that become entangled in the 
draught are deposited as a very fine powder^ and are 
subsequently collected and carried to the smelting 
furnace to be fused for the copper and sUver they 
contain. From this series of canals the gases escape 
through the chimney h into the open air; the hearth a 
is entirely heated by the flames circulating below and 
aboTC it^ being to all effects a muffle^ and hence well 
adapted for the purpose to which it is devoted^ that of 
heating the mineral before it can be brought to a high 
temperature, without danger of fusing. Between this 
hearth and that below, a hole j, closed by an iron 
plate, permits the shifting of the charge, and another 
aperture at k allows the finished mineral to be scraped, 
by means of a long hoe working oyer the roller u, into 
an iron waggon that is placed in the vault i. 

The powdered mAtt as brought from the mill>is 
mixed with about 15 per cent, of the remainder after 
lixiyiation in process YII., and to the amount of 500 or 
600 pounds placed upon the upper hearth a, and there 
exposed to a gradually increasing temperature; this 
charge is stirred for about 1\ hours, and then the 
portion of the powder in the hinder part of the furnace 
is brought forward near the fire, the small lumps that 
are formed are broken by beating them with an iron 
rod and the stirring continued 1^ hour longer. Then 
an addition of from 20 to 25 pounds of dry brown coal 
powder is made to the hot metal, and after 10 minutes 
stirring the entire charge is scraped through the 
aperture, and spread equally upon the lower hearth b. 
The heat is at first allowed to be moderate, but after 
1^ hour stirring, during which the brown coal powder 
js consumed and a cherry red "heat \^ axra^i «A.^ the 
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charge is turned in the furnace and the heat gradually 
increased. 

At the end of 10 or 11 hours from the commence- 
ment of the roasting^ the urorkman^ who has stirred 
diligently during the latter part of the period^ begins 
to make his tests for the purpose of determining if 
the roasting has progressed to the proper point. 
This is done by drawing from the hearth a spoonful of 
the hot powder^ placing it upon a common saucer, 
dropping water upon it^ and allowing the fluid to filter 
dowly through. The water takes up the soluble salts 
that may be in the assay, and from the colour the 
solution assumes^ a good judgment can be formed of 
the condition of the charge. When slightly blue, but 
not in the least green, and when a few grains of 
common salt dropped into the solution throws down a 
thick white curdy precipitate of chloride of silver, the 
roasting is considered accomplished, and the charge is 
drawn out and transported to the magazine. The fuel 
employed is brushwood, which makes a sharp and easily 
controllable fire. 

In this process the chemical changes that go forward 
are interesting, important, and complicated. The 
copper, silver, and iron which exist in the matt as 
sulphides, act diflferently when exposed to an oxidising 
fire. The iron loses its sulphur, becomes a sulphate, 
and then an oxide, in which state it is insoluble 
in water : the copper goes through the same series 
of changes, and the sulphide of silver changes into 
a sulphate, then into an oxide, and as the heat 
is continued, into a metallic condition. The opera- 
tion should, however, not be permitted to continue 
so long that all these tranBiotix\^\A.o\i^ \.*^^ ^^la^s^. 
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The skill of the roaster consists in being able to catch 
the charge just at the moment when the copper chiefly 
ceases to be a soluble vitriol and has gone over into 
the form of an oxide^ and as much as possible of the 
silver is in the condition of- sulphate^ and before this 
unstable salt has been decomposed^ and the silver 
assumed a metallic form. If the roasting is stopped 
before it has reached this desired pointy much copper 
is left soluble and is carried off in the water, while 
some of the silver may remain insoluble as a sulphide, 
and cannot be extracted with water ; and on the other 
hand, if carried a minute too far, metallic silver is 
formed which, being entirely insoluble in the next 
process, is left and lost in the copper. Long practice 
and much observation are required to train workmen 
for this process, and a scale of premiums have been 
contrived (see next section), by which good work is 
rewarded. 

The plan of this system of extraction has remained 
unchanged almost since its earliest adoption, but its 
value has largely increased within the last few years, 
an improvement to be traced to the increasing skill 
of the workmen, who are urged by the hope of reward, 
to make themselves complete masters of their business. 

PROCESS VII. DISSOLVING THE SULPHATE OF SILVER 

PROM THE ROASTED CONCENTRATED METAL. 

{ZiervogeVs method of extracting silver by means of 

warm water.) 

The roasted concentrated metal which is now in the 

form of a dark, loose powder, after having cooled 

suISciently in the magazine, ia tT«ua^oT\.fe4. to tlks 
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department devoted to lixiviation ; this is a large room 
having a series of vessels arranged as in the accompany 
ing drawing. 

The wooden vessels, a b c d and b are so placed that 
the liquor Sowing from one may run into the next. 
A and D are tubs having double bottoms so arranged 




'<WWWz 



with lineO'Cloth filters that onlj solutions are allowed 
to pass from one to the other. The roasted powder is 
placed, to the amount of 4 cwt. in the tubs a, (of 
which there are 10), and water and liquor from 
previous operations heated by steam to about 160° are 
allowed to flow from the pipes i and k. This fluid 
permeates the ore in a, takes up the soluble salts, the 
most important of which is the sulphate of silver, and 
carries it, in solution, into the vat b, where it is allowed 
to settle. From this it flows into the tub c, which is 
provided with 10 lbs. of gruiulated copper, and %\ cwt. 
of blistered copper bars ; here, on account of th.^ 
electro-negative character o£ fhe si\set >8\isq. cOTBsg«s^ 
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with copper^ it is precipitated in a metallic conditioa a« 
cement silver. The fourth series of vessels represented 
by D^ also contain copper, and is simply used as « 
security against any loss that might occur by all the 
silver not being precipitated in c. From d^ the fluid 
fidls into the wooden yat^ i&, whence it is raised by 
steam pressure^ to a higher level, heated to 160°, and 
passed over a new charge which, in the meantime, is 
introduced into the tub, a. An addition of about 3 
cubic feet of fresh water is required for each charge, 
which is furnished by the pipe i, while about 22 cubic 
feet of liquor are run on through the pipe k, and at the 
same time a small quantity of sulphuric acid is added 
to prevent the disadvantageous influence of basic salts. 
About 2^ hours are required to dissolve out the silver 
from each charge of ore; at the end of this time the 
contents of the tub are transported to an adjoining 
room, an assay taken, and a new charge is placed in 
the tub, which is treated precisely in the manner just 
described. This assay proves the excellence of the 
roasting ; when 0*036 of one per cent, or less remains 
in the powder, the work is deemed good, and it passes 
to operation VIII. When, however, more is found, the 
powder is sent again to be roasted, — the workmen 
having to attend it without pay. If less than 0*036 of 
one per cent, of silver is found present, 12 per cent of 
the quantity less than that amount goes to the wdk- 
man who roasted it. The advantages of this system ^of 
premiums have already been spoken of. 

All ores are, however, not adapted to this method of 
separation ; when antimony and arsenic are present in 
large quantities, the insoluble arseniates and anti- 
moniates are formed during roasting, and cannot be 
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extracted by hot water. The plan was tried in the 
Freiberg silver works^ and it was found that^ on acconnt 
of the presence^ to a considerable amount^ of the two 
above-named substances^ there was invariably — even 
widi the most careful roasting, — about 0*15 of one per 
cent, of silver that remained in the copper. 

The silver falls almost entirely in the tub, c, &om 
which it is taken at proper intervals, and brought to a 
condition fit for sale. Its most important impurities 
are sulphate of lime, copper in the form of sulphate 
and in grains, all of which amount to about 20 per 
cent. The first two are dissolved out by repeated 
washings ; the last is partly taken out by passing very 
dilute acid over the finely-divided metal. This is now 
refined in a peculiarly constructed furnace, where it is 
brought to a fineness of i%%%, — ^the two per cent, of 
impurity being copper. This silver is bought by the 
mint in Berlin; and the copper is not considered dis* 
advantageoius, since it is allowed to form a portion of 
the aUoy required for silver coins. 



PROCESS VIII. — FUSION FOR BLISTER COPPER. 

The remainder from the lixiviation tubs that is 
shown by careful assays to contain less than 0*036 per 
cent, of silver, is now ready for making into blister 
copper. This is done in a cupola furnace constructed 
essentially on the same plan as that which has dbready 
been described for carrying out process II., but differ- 
ing somewhat in its various dimensions. The lixiviated 
powder, which contains 70 to 75 per cent, of copper, 
chiefly as an oxide, and some oxide of iron, is mixed 
with 8 per cent, of a clay containing 60 to 60 per cent. 
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of silica^ and 40 to 50 per cent, of alumina^ worked by 
hand into balls about 4 inches in diameter^ and dried 
until hard. This admixture of clay has the double 
purpose of furnishing a source of silica for the slag and 
the formation of the powder into lumps which will not 
clog the furnace. On the floor at the tunnel-head an 
addition of about 9 per cent, of sand^ 5 per cent, of 
pyrites, or gypsum, 10 to 15 per cent, of slag from this, 
or process IX. ; and 1 to ^ per cent, of matt from this 
process, is made, and the mixture placed in layers on 
the furnace with the fuel, which consists chiefly of 
English or gas coke. Cold air is employed, and about 
150 cubic feet are forced in per minute, under a 
pressure of one inch of mercury. 

The arsenic that may by chance be present is driven 
oflF in the hot upper part of the furnace ; a little lower 
down, the silica of the clay and sand combines with the 
oxide of iron forming a slag; a greater part of the 
copper is reduced to a metallic condition, by the 
chemical action of the carbonic oxide gas, and the 
sulphur furnished by the gypsum and pyrites, serves to 
clear the slag of its copper, thus forming a rich matt. 
These are the three products that run continually from 
the two openings at the lowermost portion of the 
furnace, and fall directly into a basin in the brcLsque 
hearth, where they divide themselves according to their 
several specific gravities. The slag, which rises to the 
top, amounts to about 30 per cent, of the entire result 
of smelting, and is dragged ofif in disks, allowed to cool, 
broken and sorted, and the pieces containing matt are 
returned again to the furnace, while that which 
analysis shows to contain \ per cent, of copper or less 
is thrown away. 
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The second product, the rich matt, composes about 
5 per cent, of the entire fall from the furnace, and 
forms a thin layer between the slag and blister copper. 
It goes back to the tunnel-head immediately, to be 
mixed with the charge. The blister copper forming 
66 per cent, of the results of smelting, collects at the 
bottom of the basin in a dirty, tough, often cellular 
mass, 98*5 per cent, of which is pure copper, and is 
taken thence to the magazine, and afterwards to the 
Saiger furnace, where it undergoes the process of 
refining. 

PBOCESS IX. — PURIFYING AND REFINING THE BLISTER 

COPPER. 

The copper produced by the Mansfeld Works is 
delivered to manufacturers in two forms : as rosette 
copper, or thin round disks adapted for casting, and the 
making of alloys, but not sufficiently malleable for 
hammering or rolling ; and as refined or poled copper 
which is sold in the form of ingots or bars, and 
possesses, like the best classes of English copper, the 
property of malleability in a high degree. 

Purifying the blister copper for the formation of 
rosettes, is a process peculiar to what is known as the 
continental method. It takes place in an apparatus 
called the Small German Hearth, which has already 
been mentioned in Chapter VIII. The basin, a, is 
formed in a mass composed of I part sand, 4 parts clay, 
and 4 parts of charcoal powder, and is large enough to 
hold 5 cwt. of metal. This amount of blister copper is 
placed in it and surrounded by charcoal, which is soon 
brought to a state of rapid combustion by a blast of air 
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that ia tlirown in through the nozzle, d. This nozzle is 
formed of iron, has an inclinabion of 10° into the baedn, 
and is 1^ inches in diameter nt the mouth. The 




metal ia fused with a moderate quantity of air, then 
the blast is strengthened, and the impurities such aa 
iron, lead, nickel, cobalt, antimony, and sulphur, being 
exposed to a strong oxidising infiuence, are turned into 
oxides, and can be separated aa scorise or are driven off 
in fiimes. The copper remaining at the end of the 
process, which lasts 4^- hours, is nearly pure, except 
inaamuch as it holds a considerable amount of the 
sub-oxide which we have seen is largely soluble in the 
melted metal. When the contents of the hearth are 
sufficiently oxidised — a condition which ia indicated by 
the depth of the colour of the scoriie, the colour of the 
fluid surface, and by the propertiea of a test taken from 
the bearth upon the end of an iron bar — the friel is 
taken away, and the clean surface of the metal cooled 
by throwing water upon it. The crust thus formed, 
which is about 16 to 18 inches in diameter, is taken ofi^ 
by means of a hook, and a second thin disk formed in 
the same manner. Thus the whole of the metal ia 
removed from the hearth, which may then be repaired 
for a new charge. These rosettes are considered best 
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when they are quite thm, moderately smooth^ and of a 
brilliant red colour; they are now packed in barrels 
and are ready for market. 

From 16 to 17 per cent, of a rich red slag falls by this 
operation ; it holds much nickel which is obtained from 
it by subsequent processes^ some of which are kept 
'SeereCa 

The portion of copper that is refined or brought to 
what is known in Wales as the " tough pitch/^ is treated 
in reverberatory furnaces^ and by a plan which so nearly 
resembles that described in the foregoing chapter that 
it is not necessary to detail it here. 

The long series of years since the beginning of 
mining in Mansfeld, which have been well used in 
gathering experience, the unique regularity of the 
cupreous deposit, and the almost unvarying composition 
of the ores, have produced in all the operations of the 
works there in operation a machine-like regularity, 
which is as extraordinary as it is admirable. 

An estimate is made at the beginning of each year of 
the cost, to the -^ of n farthing, of all the items of 
expenditure which will be required to produce the fixed 
number of pounds of copper, silver, lead and nickel, 
and the result of the yearns work seldom shows a 
notable variation from the determined sum. 

The following statistics will give a notion of the 
importance of the company, and the amount of its 
business. 

In 1858 were directly dependent on the Copper 
Mining and Smelting Company at Mansfeld ; 



^^ 
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Persons employed in and abont the mines 8697 

Smelters, colliers, and machinists 795 

Families of the above 7690 

Assisted and supported 1375 



18,557 



In the same year were raised^ 111,920 cwt. of ore at a 
cost of 79,947/., ai^d the following products were sold : — 

20,072 cwt. of copper worth£113,295 10 

18,385 lbs. of fine silver 

2,054 cwt. of copper vitriol 

171 cwt. of lead 

1 8, 550 lbs. of nickel Speise 

2^ lbs. of vanadin 

173,163 





58,205 


10 




506 







156 







980 







10 






CHAPTER XII. 

The SHELTiKa of Natiyis Coppsb at Detroit in the United States. 

The process of mining and dressing the native 
copper which is found on the southern shore of Lake 
Superior, in the United States, has already been 
described in Chapter V. This product in its various 
forms as mcLSS copper y barrel work or stamp work, is 
transported by lake, river, and railway to Detroit, 
Cleaveland, and Pittsburg, to be smelted. The advan- 
tage secured by this transport, is found in the circum- 
stance that the metal can be reduced in the immediate 
vicinity of the vast coal deposits of Ohio and Pennsyl- 
vania, and fuel can hence be obtained at the works in 
large quantities at a low price. Within a short time 
past, however, an establishment has been put in opera- 
tion in the copper region^ on the site of an old furnace 
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near the Bruce mine. It is supplied with fuel, brought 
as a return load by vessels that carry ore and metal 
down into the coal regions near Lake Erie. Beside 
these there are three furnaces in the Union, located 
respectively at Baltimore, Boston and New Haven, that 
smelt the produce of the Lake Superior as well as other 
domestic mines, and also import ores from South 
America, the Pacific islands, and other parts of the 
world. 

The establishment at Baltimore is operated upon a 
system not sufiering very widely from that already 
rfamiliar to the reader as the EnglisJt method. The 
buildings are situated upon the shore of the com- 
modious harbour, and beside ores produced in the 
neighbouring states, large quantities are brought in 
by homeward-bound vessels from copper regions in 
the southern hemisphere. The fuel used is mined 
in the coal fields of the AUeghanys, and the amount 
of saleable metal produced annually is given at 
4000 tons. 

The ores reduced at Boston are obtained partly from 
mines in New York and the Eastern States, and largely, 
as is the case at Baltimore, from ports on the Pacific 
Ocean, whence they are brought by returning vessels as 
ballast, and delivered at the furnace at prices often 
quite favourable for the smelter. The nature of these 
ores is as various as that of those sold at the ticketings 
in Swansea j the carbonates, the sulphides, the silicate 
and arseniates are abundant ; but the gray copper ores 
are rare. The quantity of ore smelted in 1854 was 
somewhat over 10,000 tons, the amount of metal in 
which, averaged 20 per cent. The system of smelting 
is somewhat similar to that known as the continental 



174 THE METALLURGY OF COPPER. 

method, and consists of a roasting^ as at Mansfeld^ 
in the open air^ and fusion in low cupola fdmaces^ 
combined with a subsequent refining in a (Peva-beratory 
furnace^ as is the cu^om at Swansea. The results 
arrived at by this sdieme of reduction, when considered 
in an economical point of view, are deeoooed by Rivot to 
be exceedingly favourable. 



THE SMELTING WO«KS AT DETROIT. 

This establishment is favourably ^itcisted upon the 
short river connecting Lake Huron witlt Lake Erie.* 
Its wharves are accessible to the steam and ssdl vessels 
that navigate those waters ; and the heavy native ores 
shipped from the mines of northern Michigan, can be 
unloaded in the immediate vicinity of the furnaces 
where they arc to be fused. The coal used as feel, and 
the most important furnace materials, are tran&qp<^ted 
from Ohio and Pennsylvania by the same dbeap means 
of conveyance, and the copper produced has a <5on- 
venient outlet to New York, Boston, and Philadelphia, 
by way of lake, canal, and railway. The ores that are 
smelted are the property of various mines, and are 
simply brought to the condition of marketable «opper 
by the e^ablishment in consideration of a certain sum 
per ton, an arrangement which makes it necessary that 
the mineral owned by the various mines be kept apart 
during the course of metallurgic operations. 

The three classes of ores have already been stated to 
to be mass copper, barrel work, and stamp work. The 
first generally contains many firagments or nodules 
of vein-stone that fill irregularities in the exterior 
of the block or tire entirely embedded in the solid 
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metal. It is evident that on account of these pecu- 
liarities no accurate assay of the ore can be made, and 
the result on the smelters books is, in fact, the only 
criterion by which the per-centage of metal in the 
blocks can be ascertained. The second class is often 
almost free from foreign admixtures, but it does not 
come in such large quantities as the first, while the 
stamp work is often contaminated to the amount of 50 
per cent, with quartz, chlorite, trap, carbonate of Hme, 
&c. The severity of the winter causes navigation to be 
so obstructed that ore <;an only be transported during 
the season between May and December ; and hence in 
the winter, smelting ceases, furnaces are repaired, and 
preparations are made for the operations of the suc- 
ceeding season. 



DETAILS OF THE PROCESS. 

The pure character of the ores produced by the Lake 
Supearior mines allows the application of an extremely 
simple system of reduction, which may be conveniently 
divided into two processes : — ; 

I. Fusion of the native metal in reverberatory fur- 
naces, producing, 1st, rich slags which pass to process 
II., and 2nd, a copper that is purified and refined in the 
same furnace in which it is first smelted, and when 
ready is cast into ingots suitable for sale. 

II. The Fusion of rich slags in cupola furnaces pro- 
ducing 1st, a poor slag that is cast away, and 2nd, a 
coarse copper rich in iron, which goes back to process 
I. to be purified. 
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PROCESS I. — FUSION OF THE NATIVE METAL IN 
REVERBERATORY FURNACES. 

The furnace here in use resembles somewhat that 
represented by fig. 15. The hearth is about 14 feet 
long and 10 feet broad, nearly elliptical in form, and 
having a slight inclination toward the tapping door 
near which is a depression where the fused metal 
collects. This hearth is very thick and solid, and is 
composed of various layers of firmly stamped sand, 
broken brick and clay, and being over 3 feet thick and 
partly fused together is impervious to the fluid mass 
resting upon it. The vault that is sprung over this 
hearth is very low and instead of being supplied as in 
fig. 15, with hoppers, has near its middle a large 
quadrilateral opening that serves for the admission of 
the huge blocks of native metal, and which is capable of 
being closed by a plate of fire-clay strengthened with 
iron. The two doors on the sides of the furnace 
through which the workmen stir the charge and 
remove the slag, may be closed in the same manner, all 
parts of .the apparatus exposed to high heat are con- 
structed of refractory fire-brick, and the whole is 
strongly cramped together with iron bars. 

The operation of producing malleable copper in this 
furnace may be divided into three stages : — 

a. Fusing, b. Purifying, c. Refining, 

a. Fusing. — The masses of native metal, weighing 
occasionally as much as 4000 or 5000 pounds, are 
landed by means of cranes from the ships, and being 
carried to the furnace, are lowered by the same 
mechanical contrivance through the quadrilateral aper- 
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tore in the vault, and deposited carefully upon the 
hearth. After a charge (which usually amounts to 
4 or 5 tons) is put in^ all the apertures are closed, and 
a strong fire made by filling the fire-place with coal, 
and allowing but little air to pass through the grate. 
A flame is thus secured which is slightly oxidising at 
the fire-bridge, but which becomes reducing near the 
flue. The large blocks become fluid gradually, and, 
falling to the bottom of the surface, are immediately 
covered by a slag of fused silicates, which protects the 
metal from the chemical action of the flames. The 
complete fusion of the masses requires from twelve to 
fifteen hours, according to their size ; and after it is 
attained, the heat is still continued for an hour, that 
the particles of copper mingled with the slag may have 
time to separate and fall to the bottom. The slag is 
then taken off by scraping it from the surface of the 
metal ; it is allowed to fall upon the floor, and while 
still hot is transported, to the vicinity of the cupola 
furnaces, where it is drenched with water, that it may 
be more easily broken to pieces and prepared for the 
next smelting. 

This slag is a silicate of copper, iron, lime, alumina, 
&c., and holds firom 8 to 10 per cent, of the first-named 
metal, as a suboxide and in disseminated granules. 

b. Purifying. — The copper remaining in the furnaces 
is now ready for purifying, which is a process resem- 
bling that performed in the latter part of the English 
method, and consists simply in oxidising out certain 
impurities that may be still mixed with the fluid metal. 
The fire is made loose, and a large amount of air 
allowed to enter the furnace. The substances to be 
removed become oxidised, rise to the surface, and are 
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takes away, and the operation^ on account of the com- 
parative purity of the metal^ does not last more than 
about half an hour. 

c. Rbfininij. — The attendant being convinced^ by 
various assays taken from the furnace, that a large 
quantity of the suboxide of copper has been absorbed 
by the fluid metal, proceeds now to the refining. A 
new fire is made, and the air regulated so that the 
flame becomes as slightly oxidising as possible. A 
shovelful of charcoal is then thrown upon the metallic 
surface, and a pole of green wood thrust into tibe fluid, 
and allowed to remain as long as a strong development 
of gas takes place. Assays are now taken to indicate 
the malleability of the copper, which, when pliable and 
tough, is protected from further action of the air, by 
having more charcoal thrown upon it, and is then 
dipped with ladles from the furnace, and cast into iron 
moulds. When the metal has slightly cooled, these 
moulds are reversed, and the ingot falls into a trough 
of water that is placed below. 

The time required for smelting, refining, and casting 
a charge, is usually twenty-four hours ; and with mctss 
copper the amount of metal obtained is generally 76 per 
cent., or more, of the entire quantity put into the 
furnace. The barrel work is reduced in larger charges, 
and forty-eight hours are often required to complete 
the process. The stamp work is usually sme^lted 
in heats of two charges, each consisting of 8 tons, 
the slag being drawn after the complete fiosion of the 
first, and the second then added. The copper, which 
amounts to 60 per cent, of the t)harge, is removed from 
the furnace at the end of twenty-four hours. 
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PROCESS II. — REDUCTION OF THE RICH SLAOS IN 

CUPOLA FURNACES. 

The object of this fusix>n is to extract and secure the 
copper that is disseminated through the slags which 
fall at the reverberatory . furnace, and thus produce a 
slag poor enough to be thrown away. The operation is 
performed in a cupola furnace, remarkable for its 
simplicity and efficacy. It is cylindric in form, about 
10 feet high and 3 feet in diameter, and is composed of 
a single thickness of fire-brick, supported on the ex- 
terior by a firm iron-plate mantle. The whole appa- 
ratus is elevated about 8 feet from the surface of the 
eaith upon pillars, and the blast which is introduced 
through three tuyeres, that penetrate the shaft 1 foot 
from the bottom, is forced in in large quantities with a 
pressure of 8^ inches of quicksilver. The lower end of 
the furnace is steeply inclined towards the front side, 
where an m^e, or small opening, allows the metal and 
slag, when fused, to flow out. 

A charge of charcoal is then put into the apparatus, 
and when a proper temperature has been reached, the 
slag and anthracite coal are given in alternating layers. 
The eye is closed until the fused mass at the bottom 
almost reaches the tuyeres, when the clay plug is 
broken, and the metal and slag are allowed to flow 
into a basin in the furnace floor. Here the impure 
copper takes the lowermost level, and the slag floating 
on the top hardens, is broken, sorted, the portion free 
from globules of metal thrown into the lake, and the 
remainder returned to und^:*go another fusion. The 
coarse coppw, which amounts to nearly 10 per cent, of 
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the charge, contains about 8 per cent, of iron, and is 
sent back to the reverberatory furnace to be purified. 
The entire cost of smelting one ton of metal is reckoned 
at 3/. 16^. when made from mass copper, and at 7/. 17*. 
when stamp work is employed. 



CHAPTER XIII. 



Reduotion of Copper by the **Wbt "Wat," and various otheb 

Methods. 

Agricola, whose work on minerals was published in 
1546, tells of a peculiar water which is drawn from a 
shaft near Schmolnitz in Hungary, that erodes iron 
and turns it into copper ; and in a curious work pub- 
lished in Venice in 1584, two Hungarian rivulets are 
mentioned, in which by repeatedly placing iron it 
became "Cyprian'^ copper. These are the earliest 
notices I have met with regarding the reduction of 
copper by the wet way, which is now practised, with 
many modifications, in various parts of the globe. As 
a general rule, this method of reduction consists in 
throwing down the copper from its solution, as a sul- 
phate, in water, by bringing the fluid in contact with 
pieces of wrought or cast-iron, which latter metal, 
taking the sulphuric acid from the copper, goes into 
solution as a sulphate; The copper thus obtained, 
which is a crystalline powder, more or less pure, as 
the solution may have been, is dried, fused, and refined, 
in the usual manner. The application of the "wet 
way,^' however, is only found profitable under certain 
circumstances, — where fuel is dear, where ores have a 
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very low per-centage of metal or a peculiar cbemical 
composition, or where copper occurs in nature as a salt 
already dissolved in water. In all cases, however, in 
working on a large scale, the metal must be submitted 
to one or more fusions before it is brought to a malle- 
able condition. 



METHOD OF EXTRACTING COPPER FROM POOR ORES IN 
USE NEAR LINZ ON THE RHINE. 

The Star furnace in which the following processes are 
carried out, is located about a mile from the left bank 
of the Rhine near the town of Linz. The ores reduced 
are brought from several mines in the neighbourhood, 
from a number in the district of Siegen, and from the 
region bordering on both sides of the river. 

This ore is divided into three classes each of which 
is subjected to a special process; 1st, the 'poor sulphides* 
2nd, the oxides, and 3rd, the rich sulphides which are 
reduced entirely by the dry way. 

1st. The poor sulphides, holding an average of 2 to 
2^ per cent, of metal are roasted very cheaply and con- 
veniently in a kind of cupola furnace 10 feet high, 
circular, and 3 feet in greatest diameter. This furnace 
when in operation is full of ore and fuel, which are 
charged in alternate layers at the top, and which sink 
burning to the lower part where the mass arrives 
almost freed from its sulphur, and is drawn by the 
attendant from a suitable aperture left for the purpose. 
When taken out it has a dark gray colour, but on 
account of its highly silicious character, is seldom 
changed by fusion. It is then crushed between iron 
rollers and brought to the condition of a coarse powder^ 
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Ml order that it may be more easily and completely 
.acted upon by tbe acid in the next process. Erom the 
jroUers the ore is thrown into mason-work basiais 24 
tfeet square, and 5 feet deep^ having a false bottom 
ibrmed of two horizontal layers of natural basaltic 
columns placed at right angles to each other, the lower 
series resting upon stone pillars one foot high. The 
vats are now ready for the introduction of the gases that 
are to bring about the solution of the copper; these 
are produced in the following manner: — Zinc blende 
is chosen as a cheap material for furnishing sidphur ; 
it is first sUghtly roasted, that it may be ^easily crushed^ 
and then brought as a powder upon the hearl^ of a 
Jiai^e retort furnace, and raised to a high beat; a 
oertain quantity of air is forced at the «ame time into 
the retorts to fdrnish oxygen for the conversion of the 
sulphur into sulphurous acid gas. This goes off 
through a chimney to the above described vats, being 
<m its way mixed with steam at a low tension, from a 
kettle heated by the -same fire that roasts the blende. 
T?he mixed gases enter the space beneath the crushed 
ore, and, passing throng the apertures in the basaltic 
bottom, penetrate every part of the mass, and coming 
in contact with the oxides of copper and other metals, 
formed from the sulphides by the process of roasting, 
oxygen is absorbed and soluble sulphates are produced 
and fall in solution to the bottom of the vat. Erom this 
the fluid is pumped and thrown into receiving yessels 
formed of wood built firmly in clay, and while yet hot 
is brought in contact with bars and scraps of wrought 
and cast iron, and the oc^per is thrown down as cement 
copper, while the iron goes into solution in its stead. 
The finely. divided metal is washed thcffougjily to free it 
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from iron and other impurities^ and then fused in the 
usual manner and refined in the German hearth^ fig. 19. 

The remains of the zinc hiende left in the retorts 
fare i^nelted by another company for the ixvetal it 
contains. The roasted mass has an average of 84 per 
cent, of pure zinc. 

The liquor remaining in tihe vats after the jwecipita- 
tion of the copper is conducted into broad evaporating 
pans and brought to a high degree of concentration, 
and then run into receivers where^ upon coolin^^ a large 
amount of the sulphate of iron (copperas) is obtained 
by crystallisation. 

The mother liquor winch remains after the caystals 
have ceased fomung^ is made useful in another process^ 
^ wiU be presently shown. 

2nd. The poor omdes contain^ tm an average^ not 
over one per cent, of pure copper, which /exists prin 
cipally as a malachite or blue carbonate. The mietal 
is also extracted by the *' wet way/^ but by another 
plan. Instead of sulphuric acid being used as in the 
foregoing case, hydrochloric (muriatic) acid which is 
obtained from a neighbouring soda manufactory at 
Is, 4td, per cwt. is employed as a solvent. The ores 
are broken to pieces and placed without further prepa- 
ration, in large wooden vats. Weak hydrochloric acid 
at the common temperature is then poured in until 
the mineral is covered, and action is allowed to continue 
during ten days. The carbonates are easy to dissolve, 
and they go over into the fluid as chloride of copper. 
This solution is then drawn ofiF into precipitation vats, 
the metal precipitated by means of iron, and the 
cement copper thus obtained melted and refined as in 
the previously mentioned instance. In this way -^ of 
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the copper in the ore is extracted, the small proportion, 
remaining existing probaby in the form of an insoluble 
arseniate. This method is remarkably economical on 
account of the extreme simplicity of the apparatus 
required, and the fact that the expenditure of fuel is 
not necessary to insure its success. 

Another plan for extracting the copper from poor 
oxidised ores is in use at the Star furnace. In this 
case, the motfier liquor, or the fluid remaining after the 
iron vitriol has crystallised out, as described in the first 
mentioned process, is used instead of hydrochloric acid 
as a solvent. The ore in the condition of a fine powder 
is placed in vats, each holding about ten tons, and the 
liquor pumped from the crystallising vessels upon it, 
and allowed to act fourteen days. This fluid holds in 
solution beside some free sulphuric acid, the sulphates 
of iron and alumina, which decompose upon coming in 
contact with the carbonate of copper, and the soluble 
sulphate of copper is the result on one side, and the 
insoluble hydrates of the sesquioxides of iron and 
alumina on the other. The copper in solution, mixed 
with much sulphate of iron, is drawn off into another 
vat and thrown down as cement copper , exclusively with 
wrought iron, since in such a weak and nearly neutral 
solution of the sulphate of copper, cast-iron 'would have 
but a slight action. The cement copper is made mar- 
ketable by the usual process of fusion and refining. 

THE PROCESS OP BECCHI AND HAUPT IN USB NEAR 

MASSA IN TUSCANY. 

This process, which is the invention of the two above- 
named gentlemen, is in operation on a large scale near 
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Massa^ in the southern part of Tuscany. The ores 
used are extremely poor, having an average of only If 
to 2 per cent, of copper, which is disseminated as 
copper pyrites through a large vein of nearly pure 
quartz. The ore is broken into pieces, not exceeding 
two inches in diameter and piled in alternating layers 
with wood, in heaps of 200 to 250 tons. This roasting 
is finished in ten or fifteen days, and serves chiefly to 
make the ore friable, that it may be easily crushed 
beneath revolving stones that prepare it for the second 
roasting in reverberatory furnaces. The powdered ore 
being removed to the sole of a reverberatory furnace, is 
exposed to a high heat, when two to eight per cent, 
(according to the amount of copper present) of common 
salt is introduced, and after ten minutes^ continued 
stirring, the charge is drawn out. This introduction 
of chloride of sodium serves to bring the copper to the 
form of a chloride, in which condition it can be readily 
dissolved out. The roasted ore is now thrown into 
vats which are furnished with layers of straw bundles 
on the bottom, to serve as filters, and the water which 
is now poured in, after passing through the mineral 
mass, runs through apertures in the bottom of the vats 
into receivers, where it is allowed to settle. It is then 
passed into a third set of vats, where it is treated with 
water holding caustic lime in solution. This precipi- 
tates oxide of copper, which falls as a powder to the 
bottom of the vessels. This powder is collected, dried, 
and fused in a low cupola furnace for a matt, which is 
subsequently treated for coarse copper^ and refined in the 
usual manner. 
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TREATMENT OF THE SULPHIDES OF COPPER, IRON, &C,, 
AT AGORDO, IN THE DEPARTMENT OF VENICE. 

The ore here obtained is a sulphide of iron with 
minute particles of the sulphides of copper, arsenic, 
zinc, and lead scattered through it, and remarkable for 
the small quantity of earthy impurity which it contains. 
It is exceedingly poor in copper, the average of the 
15,000 tons of ore that are produced here per year, 
being but 1^ per cent, of that metal. 

The first process in the metallurgic treatment of the 
ore is the singular operation known as kern roasting. 
This is accomplished by piling 200 to 22^ tons of ore, 
which is first reduced to pieces two or three inches in 
diameter, upon r layer off wood, and covering the whole 
with a stratum of ore that has been once roasted. The 
pile being kindled, it is allowed to bum slowly, during 
a period of 8 or 10 months, when it grows cold, and 
the lumps are found composed of two portions, an 
outer or oxidised hull, that is brokwi off with hammers, 
and a firm kernel in the middle that containi^ the 
greater part of the copper as a sulphide. It would 
appear that the great heat given out by the combustion 
of the sulphurous exterior brought the interior of the 
mass to a semi-fluid state, and that the copper in 
consequence of its natural affinity for sulphur, retained 
that element, and gradually concentrated itself at the 
centre, while the easily oxidised iron at the same time 
lost its sulphur and became an infusible crust. The 
ore holding 1^ per cent, of copper is reduced by this 
process to kernels, forming 13 per cent, of the original 
volume of the ore, and with an average richness of 
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4*S per cent, of copper. These kernels are now mixed 
vnth. richer ixe and fosed for mutt in narrow cupola 
furnaces 26 feet high. TMs, after being roasted^ is 
iHsed in « pecnHar leading cnpok furnace, which 
produces a coarse copper that is nearly free from 
'aarsenic and iaron^ and may be purified and refined at 
once on the German hea/rth. 

The oxidised portion formed in the first roaming is 
placed in vats, and subjected to the action of water, 
w^hich dissolves out as a (miphate 65 per cent, of the 
<5opper it contains. The powder is then dried and 
subjected io a eecond roasting by being used as a 
oovering for the large heaps while they are undergCHng 
oombu^ion. The powder i« again treated with water, 
and all but -^ of the original amount ^of <5opper 
extracted. The liquor holding sulphate of oopper in 
solution is now heated to about 122** Fahrenheit in 
contact with cast iron, and cement copper is obtained 
that is sent to the cupola furnace to be fused for matt 
in the process above described. 



BEDUCTION OF POOR SULFHIBES AT VESLEDALEN, IN 

NORWAY. 

The ore here is am iron pjnrites containing fixnn f to 
S per cent, of the sulphide of copper disseminated 
through it. It is abundant and easily mined. The 
ore is roasted in large heaps, and slowly, so that the 
sulphides are decomposed and changed into soluble 
sulphates. 

The result of this roasting is treated with water, and 
the soluble sulphate of copper is taken up by the fluid 
and carried into large vats to be precipitated. 
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A variation in the usual plan of throwing the copper 
down from its solution by means of the action of iron, 
is here observed. That metal being too dear to be 
employed with profit, its place is supplied by sul- 
phuretted hydrogen gas. This is economically prepared 
by passing the product of the combustion of pine wood 
in a retort, over a stratum of red-hot pyrites. The 
precipitate which contains the copper in the form of a 
sulphide is however not very pure, and some diffi- 
culties are experienced in accomplishing its economical 
reduction to soluble metal. I may here remark that 
sulphuretted hydrogen produced in the usual manner 
with artificially prepared sulphide of iron and sulphuric 
acid, has been tried tia a means of precipitation at the 
furnace at Freiberg, in Saxony, and not found adapted 
to the circumstances there. 



EXTRACTION OP COPPER PROM THE WATER OF THE 

WICKLOW MINES. 

The water from these mines holds in solution a 
small quantity of the sulphate of copper, a fact that 
appears to have been first observed a little over a 
century ago. This water is led through a series of 
troughs inclined at an angle of 10° to 12% and inter- 
rupted at intervals by deep chests or hutches. Pieces 
of iron are so placed that the water flows over them, 
and the metal of the sulphate is thus precipitated as 
cement copper. This is each morning swept from the 
troughs into the chests, and at intervals is collected 
and sold. It yields 50 to 60 per cent, of pure copper, 
and costs but about 3/. per ton for attendance, sifting. 
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PRECIPITATION OF COPPER AT SCHMOLLNITZ^ IN 

HUNGARY. 

At this locality pure water is led into old workings, 
and allowed to circulate through the waste heaps of 
ancient mines, where by the long action of air and 
moisture, sulphate of copper has been formed. This 
is taken up by the fluid, which is subsequently collected 
and conducted into vats and allowed to remain in 
contact with metallic iron. A cement copper is^ 
obtained, having in the most favourable cases 70 per 
cent, of metal. Experiments here have shown that 
200 cwt. of wrought iron, or 800 cwt. of cast iron, are 
required to throw down 100 cwt. of copper. By this 
ingenious method 200 tons of cement copper are 
collected each year. 



REDUCTION OF COPPER ORES AT ATVIDABERG, 

SWEDEN. 

The ores consist of a mixture of a small quantity of 
the sulphides of iron, copper, and zinc, with a large 
amount of quartz with mica, feldspar, garnet, and other 
silicates. After having been sorted by hand, they are 
heaped together with coal and wood in the open air, 
and roasted. The product is sorted, the larger pieces 
broken, and all that requires it is subjected to a second 
roasting. The next operation consists in fusing the 
roasted ore for the purpose of obtaining a matt. This 
is accomplished in a cupola furnace, 18 feet high, and 
2 feet 8 inches across at the middle, into which three 
tuyeres allow air to be forced by as many copper 



190 THE METALLURGY OF COPPER. 

nozzles 1^ inches in diameter. In making up the 
charge, it is sought to secure such a mixture, that the 
slag produced will hold about 45 per cent, of silica, and 
the matt 25 to 30 per cent, of copper. Such slag 
appearing best adapted for freeing itself from particles 
of matt^ and at the same time not being of such a 
nature as to attack the walla of the furnace. 

The slag obtained in this fusion that hoMs^ less* than 
j- of one per cent, of copper is cast away; the matt is 
broken to pieces about the size of the firsts and roasted 
in heaps in the open air six or seven times, until as 
much as possible of the sulphur and other volatile 
impurities have been driven off. 

Fusion for coarse copper now follows m a rectangular 
cupola furnace, 18 feet high> and 3 feet across in the 
shaft. The bottom of the hearth is so deep thai; the 
heavy, coarse copper may collect in large quantities 
and need only be drawn off at long intervals. 
The lighter slag which collects on the surface with 
a small quantity of matt resulting from the un- 
reduced sulphates, are drawn off frequently and 
sorted ; the rich sulphidles are roasted again and 
brought again to the fusion for coarse copper, while 
the slag holding considerable metal is sent bade to> the 
first fusion. 

The coarse copper, which is unusually free from 
adulterations, is purified on a small German hearth, 
(figure 19), and since the principal impurity is iron, and 
this not being readily fusible, it is found necessapy tO' 
add, in the operation, a small quantity of siKcious slag 
to combine with the ferruginous oxide as it is formed. 
When the process of purifying is concluded, the metal 
Js laded from the hearth into iron moulds, and is ready 
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for market* The method q£ smelting in use at the 
well known mi^ies of Fahlun, in Sweden^ where the 
ores are very similar to those of Atvidaberg^ does not 
differ sufficiently from that given above to require a 
separate description:. 

THOMPSON'S PROCESS OF PURIFYING COPPER. 

According to this inventor, copper may be purified 
by melting 100 parts of the metal along with 10 parts 
of copper scales (black oxide)^ and 16 parts of ground 
bottle glass^ or other similar flux. After the copper 
has been kept in fusion for half an hour, it will be 
found at the bottom of the crucible perfectly pure, 
while the iron, lead, arsenic, &c., with which it may 
have been contaminated, will be oxidised by the scales 
and dissolved in the flux or volatilised. A pure copper 
has thus been obtained from brass, bell-metal, gun- 
metal, and several alloys tjontaining from 4 up to 50 
per cent, of iron, lead, antimony, bismuth, arsenic, &c. 
The scales of copper are cheap, being the product of 
every large manufactory where copper is worked. 



CHAPTER XIV. 

Thh Mktallurgio Separation op Silver and Copper. 

It has been shown, in the foregoing pages, that by 
taking advantage of the pecuharly strong affinity of 
copper for sulphur; the slight disposition it possesses, 
when compared with other metals, to combine with 
oxygen, and its high specific gravity, that most of the 
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existing metallurgic processes for obtaining the pure 
metal have been arrived at. There are a number of 
plans in use for extracting silver from it or its com- 
pounds, which rest on these and other important 
physical and chemical peculiarities. A complete 
discussion of this subject belongs to the treatise on the 
metallurgy of silver, and hence, only a brief outline of 
the various plans will be found here. 



THE EXTRACTION OF SILVER BY LIQUATION. 

This is one of the most ancient methods of extracting 
silver from copper. It is founded upon the fact that, 
when copper containing silver is alloyed with other 
easily fusible metals, such as lead, and heated to a 
certain degree above the melting point of the latter 
metal, but below that of copper, the lead will become 
fluid and drain or sweat out of the alloy, cariying off 
most of the silver, and leaving an impure copper 
behind. In practice, 3 parts of coarse copper holding 
silver are fused with 10 or 12 parts of lead, or an 
equivalent portion of litharge rich in silver. The 
operation is performed in a cupola furnace, and the 
product run into moulds where it is rapidly cooled, 
and removed in the shape of disks, 3 to 3^ inches in 
thickness. 

These discs or cakes are carried to a liquation 
hearth, and being piled on their edges, are heated by 
means of burning charcoal to the proper temperature. 
The lead and silver flow from the copper compound, 
and are collected in a trough which is placed beneath 
for the purpose. The lead is then treated for the 
silver it contains^ and the copper must undergo a 
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troublesome refining. The plan, as has been before 
remarked, is being replaced at most furnaces by more 
complete and direct methods. Copper, however, is 
still treated according to this system in the Hartz, 
when it holds between ^ and ^ of one per cent, of 
silver. It is however assumed by Karsten that as a 
rule copper that does not contain more than J of one 
per cent, of silver will not pay the expense of liquation. 
This must depend, however, greatly upon the prices of 
labour, fuel, lead, &c. In the Mansfeld process, we 
have already seen that ^ of one per cent, of silver was 
left behind in the copper, after the liquation was com- 
pleted ; at Altenau, the silver left behind only 
amounted to -^ of one per cent. 

The purification of the copper which remains after 
the process of liquation is variously accomplished. 
One of the most usual plans is to treat it in the 
Sweating furnace, where the impure disks are exposed 
to a current of air, and without becoming melted, still 
more of the argentiferous lead is sweated out and 
allowed to run off as an oxide. The lead that existed 
in the disks at the beginning of this operation to the 
amount of 20 or 30 per cent., is thus reduced to about 
10 per cent., and the copper is now fused in the German 
hearth to subject it to further purification. 

EXTRACTION OF SILVER BY THE AMALGAMATION OF 

COARSE COFFER. 

This process is based upon the circumstance that the 
silver which exists in coarse copper in a metallic state, 
when raised to a red heat, in connection with 
eommon salt, is changed to a chloride; and when 
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quicksilver is brought into intimate contact with this 
roasted mass^ this chloride is decomposed^ and an 
amalgam with silver and a small quantity of copper 
and iron is produced. The amalgam thus formed^ 
when removed to cast-iron retorts and heated^ is de- 
composed^ the quicksilver distils off^ and the silver 
remaining may be made pure by refining. 

This sort of amalgamation is in lise at Cziklowa, in 
Hungary, where coarse copper with i of one per cent, of 
silver is amalgamated to the amount of 100 tons yearly. 

The cost of desilvering a ton of coarse copper here, is 
£5 lbs. The loss of silver is about 7 per cent, of the 
amount present. 

The coarse copper is produced in the usual manner^ 
roasting in heaps in the open air, and fusion in low 
cupola furnaces. It is very impure, holding much 
arsenic and antimony, which prevent the adoption of 
either ZiervogePs or Augustxn^s method of extraction. 
The coarse copper being raised to a bright red heat, is 
powdered beneath stamps and between revolving mill- 
stones. This powder is roasted with salt and then 
amalgamated in barrels in a manner similar to that 
usual in the treatment of the ores of silver. 



EXTRACTION OF SILVER BY THE AMALGAMATION OP 

COPPER MATT. 

This process which is very similar to that adopted 
in the usual amalgamation of silver ores, consists in 
roosting the mixture of sulphides of copper, silver, iron^ 
ei cetera, that form the matt, as it falls from the furnace^ 
with a proper quantity of common salt and lime. 

The first furnishes chlorine, by means of which the 
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various metals are turned into chlorides^ while the lime 
decomposes the chlorides of iron and copper^ but leaves 
the silver to be collected by the quicksilver in the sub- 
sequent treatment. At one time this system was in 
use at Mansfeld^ in Prussia^ where a matt containing 
48 to 53 per cent, of copper and -J- of one per cent, of 
silver was used^ but^ at present^ as has already been 
showu^ it is entirely replaced by the excellent method 
of Ziervogel. At Freiberg, in Saxony, experiments 
have been made to prove the practicability of the 
method, but the process invented by Augustin was 
found more favourable. 

ZIERYOGEL^S METHOD OP EXTRACTING SILVER FROM 
COPPER BY MEANS OP WARM WATER. 

This process is accomplished by changing the sul- 
phide of silver into a sulphate by means of a careful 
roasting, and subsequently dissolving ^ut the sulphate 
with warm water. It is sufficiently described in chapr 
ter XI. in connection with the Mansfeld method, of 
which it forms an important part. 

AUGUSTIN^S METHOD OF EXTRACTING SILVER FROM 
COPPER BY MEANS OF A SOLUTION OF SALT. 

The circumstance long known to chemists, that the 
chloride of silver is somewhat soluble in a concentrated 
solution of common salt, was taken advantage of by 
Augustin, of Eisleben, in an ingenious plan for sepa- 
rating copper and silver. At Freiberg, in Saxony, this 
process is in successful operation. A matt is obtained 
by repeated meltings, holding some 60 or 70 per cent, 
of copper, and J per cent, of silver. This is powdered 

k2 
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very finely, and roasted in a furnace constructed upon 
tlie same principle as that shown in figure 17. The 
roasted powder is ground and subjected to a second 
roasting, and near the end of the process, about 5 per 
cent, of salt is added, which changes the silver into a 
chloride. This roasted powder is now brought into 
vessels similar to those represented by a, fig. 18, and 
treated with hot brine, which filtering through, carries 
with it the chloride of silver. Passing into precipitation 
tubs, it is brought in contact with copper, which throws 
down the silver in the form of cement silver. This is 
collected, dried, and refined. The copper dissolved in 
the precipitation of the silver is carried forward to other 
vessels and thrown down as cement copper with metallic 
iron. The lixiviated powder remaining in the vessel a, 
is carried to a reverberatory furnace and smelted for 
coarse copper, which is refined in the German hearth. 
This system, although more expensive than that last- 
mentioned, is much better adapted for minerals that 
hold antimony or arsenic. 



THE separation OF SILVER AND COPPER BY DISSOLVING 
THE COARSE COPPER IN SULPHURIC ACID. 

At Rammelsberg, on the Hartz, a coarse copper, rich 
in arsenic, and holding ^ of one per cent, of silver is 
separated from the silver, and the same time made 
valuable as an immediate source for copper vitriol. The 
copper is granulated and brought jas a loose mass into 
tubs. Hot sulphuric acid is then allowed to trickle 
over it, and the free access of air provided for. Under 
these circumstances, the copper slowly oxidises, and 
immediately becoming a sulphate, is carried off in a 
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solution^ which passing through a series of troughs 
cools^ and deposits the salt in rough crystals, the silver 
at the same time remaining uncombined in the yat. 
This liquor is then forced back, heated, and made to 
pass over the copper and silver again. The vitriol is 
collected, washed, dissolved in the hot mother liquor of 
previous processes, and run off into vats to crystallise. 
Fourteen days after the solution has entered the vats, 
it is considered to have crystallised sufficiently, and the 
mother liquor is run out and forced into the vitriol pan, 
again to be used to dissolve the rough salt. The re- 
mainder in the dissolving vessels holds about 2 per 
cent, of silver, and is sent to the furnaces to be 
smelted. The works are situated near a sulphuric acid 
manufactory with which they are in connection by a 
tube, and a yearly production has been reached of 
8500 cwt. of vitriol. 



SEPARATION OF SILVER AND COPPER BY DISSOLVING ' 
THE ROASTED MATT IN SULPHURIC ACID. 

At Freiberg, in Saxony, some experiments have 
recently been tried with good result, in which the 
silver-holding copper matt, that was formerly roasted 
with common salt and treated according to Augustin^s 
method, is oxidised in the usual manner by roasting 
and then brought into tubs, where it is subjected to the 
action of hot sulphuric acid. The copper is thus dissolved 
out as a sulphate along with some iron, and the greater 
part of the silver remains in the tubs undiissolved. The 
cupreous liquor is run into vats where it is allowed to 
cool and crystallise, and the vitriol formed is sent to. 
market where the copper that it contains sells for some 
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305. per cwt. more than it would were it in a pure 
metallic form. The undissolved remainder^ containing 
several per cent, of silver is smelted with lead, and 
cupelled. 



CHAPTER XV. 

O5 THE Allots ov Coppeb. 

From time immemorial, copper has been used exten- 
sively for forming compounds with other metals. The 
ancients, whose works of art still remain to us, appear 
to have wrought it chiefly in combination ; and, at the 
present day, the employment of the unmixed metal is 
less general than that of its alloys. It is not impro- 
bable that copper will unite with all the metallic ele- 
ments, but its alloys with zinc, tin, nickel, and the 
precious metals are the most valuable and the best 
known. 

BRASS. 

This compound, which consists essentially of copper 
and zinc, is the most generally useful of all the nume- 
rous alloys at present known. It is first mentioned by 
Aristotle, who states that the people who inhabited a 
country adjoining the Euxine sea, prepared their copper 
of a beautiful white colour, by mixing and cementing 
it with an earth found there and not with tin, as was 
the custom in other lands. The Roman authors of the 
time of the early emperors, speak of this earth, whicb 
they knew as cadmia, of converting copper into auru 
chalcum, the ancient name for the zinc alloy. The an- 
dents, however, were not acquainted with the nature 
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of the change that took place^ and it is a remarkahle 
example of the slowness by which man arrives at truth 
when led by experience alone ; that brass should have 
been made during a period of 2000 years^ without the 
metal which brought about the change in the copper 
being discovered. Agricola was the first to surmise that 
brass was a composition and not a transmuted metal. 

Brass was made with the utmost secrecy in Germany 
during several centuries, and some families were raised 
to great opulence by its manufacture. The first brass 
works erected in England, were put in operation in 
1649, at Esher, in Surrey, and the whole of the metal 
was then made of "ro^e^' copper imported from Sweden; 
but parties interested in the exportation of calamine and 
importation of foreign brass, succeeded in involving the 
owner in a disastrous law-suit, which broke up the 
concern. Manufactories were however soon afterwards 
erected in Woolwich and Southwark, and in 1663 the 
first mill for drawing brass wire was erected near 
Richmond. At present, much brass is founded at 
Bristol, Birmingham, Holywell, and various other parts 
of the kingdom. 

The properties which cause brass to be more exten- 
sively employed than copper are the following : — It is 
less costly, being partly composed of a metal cheaper 
than copper, is harder, does not oxidise or rust so easily, 
and hence is more durable wlien exposed to atmospheric 
agencies ; it melts at a lower temperature, and is hence 
better adapted for small castings; it has not that 
tendency to fill with minute bubbles, which property 
is so disadvantageous in copper founding; it cuts 
smoother in the lathe, and will bear a higher polish j 
its colour may be made to resemble that of gold, which 
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adapts it for purposes of ornament ; and lastly^ it is 
more ductile and tenacious, and therefore may be 
fashioned by the hammer, or drawn into wire more 
readily than either of its constituent metals. 

The general designation, brass, embraces compounds 
of copper and zinc in very different proportions, and 
the physical properties of the alloy vary largely as one 
or the other of the metals is in excess. The following 
table from Mallet, gives the proportions and peculiari- 
ties of a number of samples of brass. 



Per 

cent, of 
Copper. 


Per 

cent, of 
Zinc. 


Colour of Alloy. 


Fracture. 


Remarks. 


88-6 


11-4 


Reddish yellow 


Finely cvystalline 




83 


170 


Yellowish red 


}> 


Princes metal 


79-6 


20-4 


Yellowish red 


» 


Rolled brass 


74-6 


25-4 


Pale yellow 


>> 


English brass 


66-2 


33-8 


Yellow 


»> 


German brass 


49-5 


50-6 


Yellow 


Coarsely crystalline 


j German brass for 
watchmakers 


30-4 


69-6 


Silver white 


Conchoidal 


Very brittle 



Generally, as the proportion of zinc rises, the hard- 
ness and fusibility of the compound increases, and at 
the same . time the malleability and weight decrease. 
The brass founder in speaking of his mixtures, specifies 
the amount of zinc only, it being understood that the 
ratio is to the pound of copper. The accompanying 
table gives some proportions made use of in practice. 



Bristol Brass. 

ounces. 
Copper ... 16 
Zinc 6 



Spelter 
Solder. 



Mimtz Muntz 

Metal. Sheathing. 

ounces. ounces. ounces. 

16 16 16 

10| 9 to 16 12 to 16 



Pale Yellow 



Mosaic Gold. 



MetaL 

ounces. ounces. 
16 16 

12 164 to 17 
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Brass is made ia two ways: — First, by melting- 
together zinc and copper directly ia crucibles. Second, 
by melting copper with a powdered mixture of coal and 
roasted calamine, by which means the carbon reduces 
the zinc to a metallic form, and the two metals coming' 
together are intimately blended. 

The first method was patented in 1781, by James 
Emerson, and is now largely used for manufacturing 
brass ; zinc is melted in a crucible and strips of copper 
are plunged into it, until an alloy of somewhat diffi- 
cult fusion is formed ; then the heat is raised, and the 
remaining portion of the copper added. Such are the 
mutual affinities of the two metals, that the loss whicli 
might be expected from the volatile nature of the zinc, 
is prevented by its being retained by the more stable 
copper. Brass of the first fusion is broken to pieces, 
and melted with a fresh quantity of zinc to obtain the 
finished alloy. Each operation requires about eight or 
nine hours, and when complete, the brass is moulded 
into plates and treated 
for sheets and wire as 
described in the next 
section. 

The second method, 
which originated in 
early times, is carried 
out in furnaces having 
the construction shown 
in the accompanying = 
figure. The interior 
lining l l consists of 

fire brick, and the furnace bottom n is formed of 
refractory clay resting on an iron plate, both of which 
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are pierced by holes that serve to furnish draught and 
allow the ashes and cinders to be drawn off. These 
furnaces will contain eight or nine fire-clay pots p p, 
which, in the aggregate, will hold one, to one-and-a-half 
hundred weight of brass. 

The calamine is prepared by breaking the natural 
mineral into pieces about the size of a walnut. A 
charge, consisting of about five hundred weight of 
these lumps, is placed on the hearth of a reverberatory 
furnace, subjected to fire, and stirred with an iron rake 
till each piece becomes red hot throughout; this is 
sufficient to drive off the carbonic acid, and is usually 
effected in an hour. The loss by this process is S4i to 36 
per cent., and the mineral incurs a further loss of 3 or 
4 per cent, by picking out worthless fragments after 
calcination, the fire rendering the ferruginous deads 
more apparent. Care and experience are necessary to 
perform the operation of roasting, for if it be not 
complete, the zinc will not unite properly with the 
copper, and if the ore is over calcined, the brass 
resulting from it will be brittle, while if the heat is 
made very intense, a partial vitrification of the silicious 
matters will take place, and this portion cannot be 
reduced again by the usual means. When the cala- 
mine has been calcined, it is ground to a fine powder, 
and this is rendered more uniform by passing it through 
proper sieves ; it is then removed to a building called 
the buddel house, where it is washed in an apparatus 
of peculiar construction, for the purpose of separating 
any extraneous matters that may still remain in it. 

The zinc ore having been thus prepared, it is mixed 
either with small pit coal or ground charcoal in the 
jproportion of rather more than one bushel of carbon 
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to one bushel of calamine. The most careful manufac- 
turers have almost entirely discarded mineral coal^ since 
they find that the sulphide of iron^ with which it is 
generally contaminated^ either spoils the brass or makes 
it of an inferior quality. 

Copper granulated in the usual manner by lading it 
from the furnace into a vessel filled with water^ is then 
carefully mixed with the calamine and charcoal in the 
proportion of three pounds of the copper to eight of 
the powder; with this the crucibles are laden and then 
placed^ as shown in the figure^ within the furnace. The 
pots are now surrounded and covered with fuel^ the 
furnace is closed^ and the fire lighted^ and left undifr^ 
turbed for six or seven hours. At the end of this 
period^ the pots are at a white heat. The fire is now 
revived by the addition of fresh fuel^ but as soon as 
fiimes of zinc oxide begin to appear, it is again slack- 
ened that the operation may be lengthened, and the 
two metals have ample time to unite. Three or four 
hours are required for this purpose, then the orifice in 
the arch of the furnace is opened, and with a large pair 
of tongs, the various pots are drawn out, set in hot 
ashes to retain their temperature, stirred well for a few 
minutes, and then all the melted metal is deposited in 
one. The scoria is now carefully skimmed ofi^, and the 
fluid remainder poured into moulds formed of two 
blocks of granite laid half an inch apart upon iron bars. 
By this means plates are formed that are usually 5^ 
feet long, 15 to 16 inches wide, and half an inch thick, 
weighing about 108 pounds. The entire operation 
requires from eight to twenty hours, depending on the 
nature of the material and the size of the furnaces. In 
the older manufactories the time employed was much 
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greater^ sometimes reacHng as mucli as four or five 
days. The moulds of granite, which were once im- 
ported at considerable expense from the Continent, are 
now obtained from Cornwall, where an excellent mate- 
rial for their construction is found. 

The cast plates are now transported to the rolling- 
mill, where they are brought to the form of sheets, 
which, by means of a pair of large shears, are cut into 
narrow strips. These are passed a number of times 
through rollers till they arrive at the condition of 
ribands, which are then cut into long strings, and 
passed to the wire-drawing department. The process 
of drawing wire from brass does not differ essentially 
from that pursued in making the same commodity from 
iron : — A thin plate of hardened steel is pierced with 
numerous holes, gradually decreping in size until as 
small as the diameter proposed for the finest wire. 
These holes must be made with the utmost care, per- 
fectly round, and highly polished. The plate is then 
smeared with grease, to decrease friction; the coarse 
wire is first drawn through the largest hole, then 
through the next smaller, and so on in succession 
until the smallest desirable size is reached. The finest 
wire is often passed, in the last stages of its manu- 
facture, through holes drilled in rubies. During the 
process of rolling and drawing, it is necessary to anneal 
the metal frequently, which is accomplished by raising 
it to a little below a red heat, and then sufiering it to 
cool gradually, by which treatment it becomes soft and 
pliant. It is not plunged into water, as is done with 
copper wire, though by so doing it would not be 
hardened like iron and steel wire when thus treated. 
The largest consumption of brass wire is in the manu- 
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facture of pins, and here it performs an oflBice that 
would be but poorly filled by copper. Brass foil is 
made from a very thin sheet brass, formed of 11 parts 
of copper to 2 of zinc. It is beaten out under a 
hammer worked by water-power, which gives 300 to 
400 strokes per minute, from 40 to 80 leaves being 
laid on each other. When brass is wanted for working 
into small castings, or for making other alloys, it is run 
into small ingots, about 8 inches long and 2 inches 
broad, in which form it is sold. 



BRONZE. 

Bronze, like brass, is the generic name for a large 
class of alloys. Instead of zinc, however, tin is here 
the secondary metal. The term is, moreover, made to 
embrace compounds, not only of copper and tin, but 
also those containing lead and zinc in small quantities, 
as third or fourth constituents. This alloy was one of 
the earliest known, and in many connections it took 
the place of the dearer iron. Among the ancients it 
was largely used for casting statues, and maagr articles 
of domestic economy, and weapons, which have been 
left us by the Grecians, Bomans, Celts, and Peruvians, 
are composed of it. In the middle ages it grew to be 
important as a material for bells, and in more modem 
times it has been largely used for cannon; and although 
it does not equal brass in the amount made and used, 
yet the objects to which it can be applied are no less 
numerous and important. Like brass, it is harder and 
more fusible than copper, and denser than the mean of 
its constituents. Its colour is usually reddish-yellow ; 
but when exposed to the air, a basic carbonate of 
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copper is formed which possesses the greenish hue 
commonly seen on the surface of statues, and by 
which the alloy is best known. This crust is much 
admired^ and is hence often produced on new statues 
by moistening their surface with salts or licids, A 
solution of 4 j- parts of sal ammoniac^ 1 part of oxalic 
acid, in 94^ parts of distilled yiuegar, answers this 
purpose very well. 

Bronze possesses the singular property of becoming 
so malleable, that it may be hammered and coined 
when it is heated and rapidly cooled, as by plunging it 
into cold water ; and by heating it and allowing it to 
cool slowly, it may be made to regain its former hard- 
ness and brittleness. 

The following table will show the nature of various 
alloys of copper and tin, and the uses to which they 
may be applied. 



Copper. 


Till. 


Colour. 


Use. 


S4-3 


15-7 


Reddish yellow 


Cannon metal 


81-1 '■ 


18'9 


Yellowish red 


Cannon metal and works 
of art 


80-0 


20-0 


» 


Metal for axle boxes 


78-0 


22 


99 


Large bells 


84-9 


66-1 


Whitish 


SmaU bells 


16-2 


84-8 


l^'hite 





The bronze of the ancients varied widely in its nature, 
as will be seen by the following analyses : — 
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Copper. 


Tin. 


Lead. 


Iron. 


Zinc. 


Analysed by 


Bronze of Celtic 
weapons 


92-0 


6-7 


0-69 


0-29 


.... 


Fresenius 


An Egyptian | 
dagger \ 


86-0 


14-0 


• ■ • 


1-00 




Yanqnelin 


Coin of A]exan- ) 
der the Great ) 


87-9 


11-6 


• • • 


• V • 




Schmeid 


Ancient Athe- ) 
niancoin 


88-5 


10-0 


1-5 


• •• 




Mitscherlich 


Coin from the ) 
timeofPompey ( 


14-2 


8-5 


16-1 


0-2 




PhilUps 


Coin from the ) 














time oi Ha- / 
drian ] 


86-7 


M 


1-7 


0*7 


10-8 


Phillips 















It is remarkable that in the coins originating in 
Greece, or in any of the Grecian colonies, zinc has not 
been detected, while among the !Roman coins that 
metal often occurs as a constituent. 

According to the experiments of Hoffman, it appears 
that for statuary bronze the extreme proportions that 
can be used with advantage are — 1st, the reddest and 
richest in copper, and hence the most expensive alloy 
may consist of 84j*4^ per cent, of copper, 11*28 zinc, 
and 4*3 tin ; 2nd, the poorest in copper and cheapest 
gold yellow alloy, may be formed of 65*95 copper, 
31*56 zinc, and 2*49 tin. The bronze statue of Louis 
the Fourteenth, cast in 1699, has 91*40 per cent, 
copper, 5*53 zinc, 1*70 tin, and 1*37 lead. TheLessing 
statue in Brunswick is composed of 89*16 copper, 0*49 
zinc, 10*24 tin, and 0*10 lead. In the arts bronze is 
often used to form substances intended to withstand 
pressure and friction ; an excellent alloy for this pur- 
pose consists of 80 copper, 18 tin, 2 zinc. Stephenson 
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recommended the following composition for locomotive 
axle boxes — 79 copper, 8 tin, 5 zinc, 8 lead; and a 
compound used at Seraing in Belgium for the same 
purpose consists of 86 copper and 14 tin. 

Cannon Metal. The proportions of the metals 
selected for this species of bronze are such as produce 
the toughest and most indestructible alloy. It is 
among the richest in copper of all the bronzes, and 
consists generally of from 88 to 90 per cent, of that 
metal, with 10 to 12 per cent, of tin, the former metal 
furnishing the tenacity, the latter hardness. The 
greatest care is necessary to keep the compound clear 
of sulphur, lead, iron, and arsenic, for any of these 
would lessen the value of the metal for the required 
purpose, lead producing a fusible mixture, and arsenic 
and sulphur causing brittleness. 

The accompanying cut will give an idea of the plan 
adopted for casting cannon at Toulouse in France* 
The melting furnace, a, is of the reverberatory class ; 
a good fire built on the grate, g, melts the charge that 
is placed on the hearth at a. Close to the furnace is a 
pit, M, in which the moulds, c c c, are built of the 
required shape, in an upright position, from a mixture 
of clay, horse-manure, and cow-hair. Between the 
mouth of the furnace and the moulds, canals are made 
for the passage of the fluid metal. The furnace is 
charged with old bronze and copper bars, and after 
these are brought to a fluid state, the necessary tin is 
added in the form of small ingots; the slag which 
forms on the surface is drawn off, the metal well stirred 
with poles of dry wood, that the mass may become 
homogeneous. At the end of eight or nine hours, the 
charge has become quite fluid, and by opening the 
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aperture at i, the metal is permitted to flow into 
the forms. After forty-eight hours' gradual cooliDg, 
the guns are ready to be removed from the pit ; they 
are then bored, turned, carefully examined for flaws, 
and subjected to the various tests thought necessary to 




prove their security from bursting when brought into 
service. The metal best adapted for large guus hat 
been shown by experience to consist of H parts of tin 
to 100 of copper, while that proper for small field- 
pieces should consist of a mixture of 8 to 9 parts of tin 
to 100 of copper. 

Bell Metal. — This is a bronze containing a greater 
per centage of tin than gun metal ; the standard pro- 
portions are 7a parts of copper and iZ of tin; but zinc, 
antimony, lead, nickel, and iron often occur in the 
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prepared castings and are either iutrodaced with the 
view of producing particular tones, or are impurities 
consequent upon the employment of old brass or bronze 
in their manufacture. The accompanying analyses 
show the composition of some ancient and modern 
bronzes of this species. 





Copper. 


Tin. 


Zinc. 


Nickel. 


Iron. 


Analysed by 


Boglish bell metal 

Barmstadt ) 
ehimes, cast in > 
1670 ) 

Bells of Rouen, ) 
oast in the 12th > 
oentory ) 


so- 
ys -9 

71-0 


10-1 
21-6 

26-0 


5-6 
0-0 

1-8 



1-2 

0-6 


0-0 
2-1 

1-6 


Thompson 
Heyl 

Girardin 



The use of a compound consisting of a number of 
metals is^ however^ not to be recommended^ since^ as a 
rule^ the pure hard alloy of tin and copper gives the 
clearest sound, and the introduction of silver does not 
produce that beneficial effect which the fancy of poets 
ascribes to it. Bells of various tones are produced 
chiefly by varying the manner of casting, and the size 
and proportions of the instrument. The apparatus 
used in their manufacture does not essentially differ 
from that employed for casting cannon, though provi* 
sion need not be made for such a high heat, since the 
usual per centage of zinc makes bell metal comparatively 
fusible. 

The composition of gongs or tom-toms, which are 
instruments formed like disks or shallow pans, and 
being beaten upon by a stick covered with leather, 
sometimes take the place of bells, consists of about 77 
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of copper and 22 of tin. The above-mentioned 
property of bronze^ which enables it to be made 
malleable by rapid cooling is taken advantage of in the 
construction of these instruments ; the fused alloy is 
first cast into a mouldy after hardening^ it is with- 
drawn^ and placed in a furnace where it is raised to a 
cherry heat^ then it is laid between two iron disks^ 
plunged into water, and allowed to cool; it is now 
hammered to the desired form^ and subsequently tem- 
pered by heating and slow cooling. 



SPECULUM METAL. 

This alloy contains still more tin than bell metal : 
the standard proportions are 66*6 per cent, of copper 
and 33*4 per cent, of tin ; but' these proportions are 
only approximately adhered to. A small addition, of 
arsenic is often made^ but too much will cause the 
alloy to be easily attacked by the air: 32 parts of 
copper, 16 of zinc^ and 2 of arsenic have been used, and 
Kampmann found by the analyses of an excellent 
Chinese mirror, that it consisted of 80*8 copper, 9*5 
lead, and 8*5 antimony. The speculum of the great 
telescope of Lord Bosse is composed of copper with a 
little less than one-half its weight of tin. Such an 
alloy is hard and brittle and is capable of receiving a 
remarkably fine polish. 

Bronze for Medals or Medallions. This alloy consists 
usually of copper, with from 5 to 10 per cent, of tin, 
though a little lead and zinc do not injure the metal 
for the purpose. The compound is melted, well mixed, 
poured into moulds, and when hardened quickly plunged 
into water. It may now be brought under a press. 



212 THE METALLURGY OF COPPER. 

where it will receive a good impression^ and subse- 
qnently by slow cooling it may be hardened. The 
medal thus formed may be given at once a delicate 
bronze colour by brushing it over with a solution 
consisting two parts of sal ammoniac^ one part of 
common salt^ one of saltpetre^ one of ammonia^ and 
96 parts of strong vinegar. This when carefully 
applied^ gives the beautiful shade that is so much 
admired^ and which^ by the application of the same 
mixture may also be imparted to copies of works of art 
or other subjects taken in pure copper. 

GERMAN SILVER OR ARGENTAN. 

In China this compound has been long known and 
extensively used, and for many years it has been im- 
ported from that empire into Europe under the name 
oi packfong. In 1776 it was recognised as an alloy of 
copper, zinc, and nickel, and since it was subsequently 
largely manufactured at Suhl, in Henneberg, in Ger- 
many, and from thence sent to England^ it has received 
the name of German silver. 

At present, very large quantities are manufactured 
in England, and particularly at Sheffield, where it is 
formed into forks, spoons, vessels for the table, and 
various other articles of domestic use, and being plated 
with silver by the electrotype process, is sold as a 
substitute for silver to all parts of the globe. When 
well made, it cannot be distinguished by an unpractised 
eye from many of the the silver alloys even when 
brought on the touchstone, but by dissolving a small 
piece in nitric acid, and adding a few drops of hydro- 
chloric acid, no milky precipitate is formed, which 
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aid 



would be the case, were a silver alloy treated in the 
same way. Good German silver is tougher and harder 
than brass, and resists the action of the air much 
better ; it is susceptible of a very high polish, and when 
properly prepared, may be rolled into plates, drawn as 
wire and wrought with the hammer. 

The following analyses will serve to show the ele- 
mental composition of several varieties. 





Copper. 


Nickel. 


Zinc. 

1 


Chinese packfons 


43-8 
61-3 
52-0 
67-0 


15-6 
19-1 
26-0 
24-0 


40-6 
19-1 
22-0 
13-0 


English GermAn silver 

Berlin Arsentan 


Sheffield German silver \ 



The mixing of the materials which constitute this 
alloy, takes place in crucibles similar to those used in 
the manufacture of brass. The zinc is first melted- 
with half the necessary copper, and the compound is 
cast into thin plates that may be readily broken. In 
another pot the nickel is melted with the remainder of 
the copper, and after having been well stirred, the alloy 
of copper and zinc is added piece by piece, until the 
proper proportions are arrived at, when the contents 
of the pot may be cast into ingots ready for use. The 
purity of the original metals is of the first importance 
in securing a good German silver, a small amount of 
arsenic will render it brittle and easily tarnished, and 
since nickel, on account of its chemical affinities is 
seldom free from that element, it is a matter of consi- 
derable difficulty to obtain a perfectly pure alloy. The 
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discovery of a natural sulphide of nickel in Sweden, 
which is free from arsenic^ has been very advantageous 
to the manufacturers of German silver^ by enabling 
them to supply in larger quantities a compound closely 
resembling one of the noble metals. 

ALLOYS OF COPPER WITH SILVER AND GOLD. 

These two metals which are so largely used for 
making coins and jewellery, would be too soft and easily 
destroyed by friction were they employed in an entirely 
pure condition. They are, therefore, generally alloyed 
with some cheaper metal to give them the requisite 
durability. Copper will unite with either in any de- 
sired proportion, and without destroying their malle- 
ability. The small coins of Germany are often very 
rich in copper, so that after being a short time in use, 
they become quite red. The silver groschen, made 
according to the Prussian law of 1821, have but 2 parts 
of silver to 7 of copper. Modern French silver coins 
have 9 parts of silver to 1 of copper; and those of 
England are somewhat richer, having 37 parts of silver 
to 3 of copper. 

The foregoing are the principal alloys of copper, there 
are a number of others, the names and properties of 
which are known to artisans ; among them are tombac, 
consisting of 84*5 copper and 15*5 zinc; Manheimgold, 
70 copper and 80 zinc ; pinchbeck, 88 copper and 11 
zinc; cymbal metal, 80 copper and 20 tin ; Bath metal, 82 
parts of copper and 9 zinc ; gilding bronze, 82*8 copper, 
17*5 zinc, 0'24 tin, and 0*02 lead; white metal for but' 
ions, 32 parts brass, 4 parts zinc, and 2 of tin ; tutenag. 
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45*7 copper, 36*9 zinc, 17*4 nickel; Chinese wkUe 
copper, 40*4 copper, 81*6 nickel, 25*4 zinc, and 2*6 
iron. 

An alloy of copper and arsenic, when consisting of 90 

copper and 10 metallic arsenic, is white, slightly ductile, 
and more fusible than copper, and is not attacked by 
the atmosphere. It is used for the scales of the ther- 
mometers and barometers, for dials, candlesticks, &a 
It is formed by smelting arsenic and copper clippings 
together in an earthen crucible, under cover of a layer 
of salt. 

With iron, copper will combine in small proportions, 
one per cent., however, causes the iron to weld badly, 
and a small quantity of the first-named metal combined 
with copper, injures its value for manufacturing pur- 
poses. With aluminum, it forms an alloy of consider- 
able malleability and great hardness, and which is 
capable of taking a very high polish. 



CHAPTER XVI. 

Thb Wobeino of Oofpeb akd ths Makufaotitbe 07 Ottpiihous 

Products. 

THE PROCESS OP MAKING ROSETTE COPPER MALLEABLE. 

The English system of smelting copper results in a 
product freed by the final ^^ poling '^ of that portion of 
the suboxide which renders the metal brittle or " cold 
short '^ under the hammer. This however is not the 
case with copper purified on the German hearth and 
generally brought to market as rosette copper. The 
last operation here, as has been shown (Chap. XI.) 
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leaves from 1 to 20 per cent, of the sub-oxide of 
copper dissolved ia the metal. This substance must be 
removed before the copper can be wrought, and the 
refining is often performed by the manufacturer or 
artisan who purchases the metal, upon a small hearth 
arranged like that shown in fig. 19. Instead however 
of the nozzle being inclined at a large angle so as to 
throw the air directly upon the molten metal, it is 
here so nearly horizontal that the charcoal, which lies 
upon the surface of the fluid, is only impinged upon. 
The object of the operation, like that of " poling " is 
to bring about a reduction of the sub-oxide and pro- 
duce a copper without adulteration. The rosettes are 
piled in layers with good charcoal and fused, often with 
the use of highly heated air; the charcoal and oxygen 
furnish carbonic oxide which acts as a reducing agent 
upon the sub-oxide, and changes it into metallic copper. 
Assays are taken frequently and tried while cold and 
hot beneath the hammer; when the metal bends 
without cracking on the edges, the process is deemed 
complete, the charcoal is removed, the contents of the 
hearth allowed to cool slightly and then laded out of 
the hearth into iron moulds prepared for the purpose. 
This process which is usual in Germany, is known as 
the Hammergaarmachung, 

ROLLING AND HAMMERING. 

The copper brick or ingot formed in the refining^ 

process is often taken directly from the mould, and 

while yet hot carried to a rolling apparatus similar in 

its general arrangement to that commonly employed 

In working iron. Eight or ten passages between the 
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iron cylinders are sufl&cient to bring it to a long plate 
an inch or less in thickness. The heat gradually 
decreases until the plate becomes dark^ it is then 
removed to a reverberatory furnace and placed upon a 
series of iron bars which keep it suspended between 
the hearth and the vault. Flames striking over the 
fire-bridge pass along the surface of the plate and are 
carried oflf through flues leading downward. Thus 
the heat is raised gradually to a bright red, when the 
plate is again brought between the rollers. This is 
continued until a certain thinness is reached, when two 
or more plates are laid one upon the other and heated 
and rolled together. 

At the copper rolling mill at Rothenburg in Prussia, 
which is understood to be the most extensive on the 
continent, the largest plate that has been rolled was 
12 feet long, 9 feet broad, and half an inch thick. The 
copper plates thus prepared may be plunged into water 
to remove the dark scales, and sent to market, or may 
be further wrought into kettles, &c. Kettle bottoms 
or CD tire kettles are hammered from the flat plate. 
For this purpose tilt hammers moved by steam or 
water power are employed, the striking end of these 
tools is sometimes two or three feet long that it may 
reach the interior surface of a deep vessel. One kettle 
is rarely beaten out at a time ; ten or twelve plates are 
usually fastened firmly to each other at the edges, and 
the entire mass hammered into shape together. The 
edges are then separated, the vessels taken apart and 
given into the hands of workmen who beat the sides 
and bottoms smooth with small hammers. In the 
fabrication of very large copper bottoms for the boilers 
in sugar refineries a singular plan is adopted ; the huge 



218 THE METALLURGY OP COPPER. 

plate of metal is cut into a circular form and laid upon 
a heavy horizontal cast iron ring that serves as an anvil ; 
by means of a rope running through a pulley fixed in 
a beam above the plate, a ball of iron two or three 
hundred pounds in weight is raised by men or steam 
power 4 to 6 feet, and allowed to fall successively upon 
the central parts of the malleable disk which gradually 
assumes the form of a basin. A plate 8 feet in diameter 
may thus be beaten 2^ feet deep in a day. 

The process of drawing copper into wire is similar 
to that described in Chapter XY., as usual with brass. 

SOLDERING COFFER. 

Copper is soldered by making the surfaces to be 
joined quite bright, free from oxide, and level, and 
covering them with sal-ammoniac or rosin or both, 
before applying the hot soldering iron to fuse them 
together with the alloy. The strong solder or alloy of 
the coppersmith consists of 8 parts of brass and 1 of 
zinc, a still stronger solder may be made of 3 parts of 
copper, and 1 of zinc, and a softer consists of 6 parts 
of brass, 1 of tin, and 1 of zinc. 

SULPHATE OP COPPER OR COPPER VITRIOL. 

Among the commercial products formed from copper, 
its compound with sulphuric acid, known as blue 
vitriol, holds an important place. It is the substance 
from which most of the chemical preparations of the 
metal are obtained ; it supplies in the art of dyeing a 
means of securing certain varieties of black, brown, 
green, and blue; it is sometimes administered as a 
medicine; as a protection against dry rot its solution 
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has been occasionally employed to saturate timber, and 
large quantities are used in the art of electro-metallurgy. 
The separation of copper from other metals, by the 
wet way, furnishes one of the most important sources 
of the salt ; but when it is made the object of special 
manufacture from the metal upon a large scale the 
following plan is adopted : — A reverberatory furnace 
of usual construction is charged with old copper plates, 
and brought to a white heat. Sulphur is now thrown 
in and the draught closed until a sub-sulphide has been 
produced, the draught is then opened and air coming in 
contact with the hot sulphide, a sulphate is formed, 
together with an insoluble oxide. The roasted mass 
is then treated with hot water until all the sulphate 
has been carried away, and the insoluble remainder is 
again heated with sulphur in the furnace, and lixiviated, 
and this process repeated until the whole of the copper 
is changed to a sulphate. The solution is ran into vats 
and allowed to deposit crystals which are drained and 
sent to market. 

Another plan for obtaining this commodity is largely 
in use. The scales which fall in hammering and rolling 
copper, are carefully collected and mixed with strong 
sulphuric acid in wooden vessels lined with lead. The 
mixture is warmed and agitated by steam being blown 
into it through a tube opening near the bottom of the 
tank. When the acid has become saturated with oxide 
of copper, it is drawn off into other leaden vessels and 
allowed to crystallise. 

Blue vitriol often comes into the trade largely 
adulterated with iron vitriol of copperas. This im- 
purity, however, may be detected by the greenish 
colour, when much iron is present. 

l2 
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BLUE YERDITEB. 

When asolution of the nitrate of copper has its 
Clipper precipitated as an oxide by adding lime in a 
pure state, and the cupreous product is triturated with 
lime after it is nearly dry, the result is a substance of 
a fine velvety lustre, known as blue verditer. The 
cendres bleues en pdte, of the French, is a composition 
resembling this in many respects. It is made by treat- 
ing a solution of the chloride of copper with hydrate 
of lime. The precipitate thus obtained is mixed with a 
solution of pearlash and ground in a colour mill. It 
is sold as a paste for painting, or printing paper hang- 
ings, or when dried and worked into the proper form it 
is used by artists for crayons. 

SCHWEINFUBTH GREEN. 

This beautiful colour was discovered in 1814, in 
Schweinfurth, and the method of its preparation kept 
a secret until 1822, when the researches of Liebig indi- 
cated its nature, and opened its manufacture to the 
world. Its preparation is easy ; — 50 lbs. of sulphate of 
copper, and 10 lbs. of lime are dissolved in 20 gallons 
of good vinegar, and a boiling hot solution of white 
arsenic quickly added. The mixture is stirred several 
times and then allowed to subside. The pigment is 
cooled on a filter, dried, powdered, sifted, and after 
rubbing with a little muriatic acid is ready for use. 

THE ACETATE OF COFFER OR VERDIGRIS. 

This salt is employed in painting and in calico print- 
ing. When pure, it has a fine bluish-green colour^ is 
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soluble in ammonia^ and contains 43 per cent, of the 
oxide of copper. The best verdigris is manufactured 
in France, at Grenoble and Montpellier, by packing 
thin sheets of copper in casks with alternate layers of 
fermenting skins and pulp of grapes, which form the 
refuse of the wine presses after nearly all the juice 
has been extracted. From 15 to 20 days are required 
to corrode the plates sufficiently. They are then taken 
from the casks, leaned against each other, and fre- 
quently moistened with water during several weeks. 
The verdigris, which then is found in a scale covering 
the surface, is scraped off and the copper plates sub- 
jected to a fresh treatment, until they are entirely con- 
verted into verdigris. The salt is now kneaded into a 
paste, packed in leathern bags, dried, and sold. The 
verdigris made in northern Europe and in England, is 
usuaUy manufactured by employing cloths steeped in 
pyroligneous acid, instead of the refuse of the wine- 
press, and is not equal to that made by the former 
method. Chalk is sometimes used to adulterate ver- 
digris, but may readily be detected by dissLolving the 
suspected substance in hydrochloric acid, in which case 
in the presence of the lime, bubbles will appear. 

ELECTRO-METALLURGY. 

In the early stages of the beautiful and valuable art 
of depositing metals from their solution by galvanic 
agency, the metal which is the subject of this treatise 
was the only substance sought to be precipitated. In 
the year 1837, while observing the action of a constant 
battery formed with a solution of the sulphate of 
copper, Mr. Spencer noticed that the plate used for 
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the negative pole became coated witli metallic copper 
with the exception of those spots upon which wax had 
heen accidentally dropped. This circurastance called 
attention to the Bubject, and subsequent esperimenters, 
of whom Walker, Elkington, Smee, and Murry have 
been eminently succeasful, i;Tadnally developed the art 
to its present condition. 

When copper is deposited, the sulphate of that metal 

is the salt, the solution of which is nniformly employed. 

The required solution ia formed from the blue vitriol of 

commerce by dissolving that substance in cold water, 

until no more will be taken up, then allowing it to 

stand until it is quite clear, and adding one-fourth more 

water, since a saturated solution is not desired. This 

fluid is then poured into a 

FJe,-a2. vessel, b, fig, 22, made of 

earthenware or glass, and a 

copper plate, c, is hung over 

the edge, so as to be almost 

entirely immersed. The object 

to be copied or plated — as the 

medal h — is attached to a wire, 

and hnng also in the solutioa 

opposite and parallel with the 

plate An electric current, 

which may he generated by 

any species of battery, but best 

* either by Daniel's or Smee's, 

is passed through the wire p 

to the copper plate. The vitriol, in solution, is thus 

decomposed, the electro-positive element or the copper, 

going to the negative pole or the medal m, and forming 

a aniioTm and solid coating upon it, while the sul- 
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phuric acid thus set free, attacks the copper plate c, 
and renews in the solution the sulphate which is de- 
composed by the current. 

This action may be continued until a thick coating 
forms on the surface of the medal, the deposition of 
which will be slow or rapid according to the strength 
of the current of electricity. Any other object having 
a conducting surface, placed at m, will "likewise be 
coated with the metal in solution, and thus a cheap 
material may be so plated that it will resemble the 
more valuable metal thrown down upon it. 

If, however, the surface of m is not a conductor, no 
metal is deposited, hence, in the foregoing instance, in 
order to prevent the medal from being encased in a 
scale of copper, which could not be readily removed, its 
back part and edge are covered with wax, and only its 
face left exposed, and this surface, that the cast may 
not adhere to it, is moistened with a little sweet oil and 
rubbed with silk till it appears dry. 

To coat objects which are non-conductors, a fine 
powder of graphite or blacklead may be laid thinly 
over the surface and introduced into the irregularities 
with a brush ; the object may now be treated as in the 
case of the medal, and thus, by etching, so as to form 
a rough exterior, glass or porcelain may be given a 
permanent coating of pure copper. The above- 
described process, it is evident, will only give a reversed 
impression of the medal. In many cases it is desirable 
to have an exact copy of the object; here, an exact 
impression of the surface to be copied, is taken in 
fusible metal, wax, a composition of glue, plaster of 
Paris, or gutta percha, and the metal thrown down 
upon this as a mould. 
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Not only is it possible by the processes of electro- 
metallurgy to form facsimiles of various objects in 
copper, but the same may be formed in various alloys, 
by throwing down together, from a mixed solution, the 
metals of which the alloy may be composed. 

When brass is to be deposited by this method, a 
solution is placed in the vessel b, having the following 
composition — 

1 jmrt of sulphate of copper in 4 parts of hot water, 
8 parts of sulphate of zinc in 16 parts of hot water. 
18 parts of cyanide of potassium in 86 parts of hot water. 

These are mixed, 250 parts of water added, and the 
objects to be copied introduced as above-described. 
Instead of a copper plate at c, one of brass is used, 
the solution is kept during the operation at a heat 
approaching boiling, and a powerful battery is 
employed. 

The applications of the principle of electro-decompo- 
sition in the arts are veiy numerous. In the working 
of copper, the most important are those which are con- 
nected with printing .and engraving. A hard copper 
plating is thrown down on the face of common type, 
thus greatly increasing their durability, and entire ste- 
reotype plates are made by taking the cast of the type 
in gutta percha or plaster of Paris, and depositing a 
thick plate of copper upon this reverse mould. Solid 
copper plates for the purpose of the engraver, which on 
account of the difficulty of casting copper without 
bubbles, are often imperfect when made by the dry 
way, are formed with certainty by depositing the metal 
from its solution. A more beautiful employment of 
the art is found in reproducing elaborately engraved 
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plates. Usually, copper plates after passing through 
the press 600 to 1000 times, become so worn as to give 
indistinct impressions ; by electro-metallurgy, however, 
these plates may be multiplied indefinitely, and the 
sharpness of the originals retained. Through the 
kindness of Col. James, I had recently the pleasure of 
inspecting the admirable electrotype department of 
the Ordnance Survey at Southampton. The plates, 
engraved by the usual processes, are duplicated by 
a strong battery, essentially by the plan above 
described. Thus, perfect fac-similes of the most elabo- 
rate works are obtained in a few weeks and at a com- 
paratively small cost, and the clear engravings of the 
survey maps are by this means produced at a much 
lower cost than could otherwise be done. 

To the lover of natural history the electrotype offers 
two processes of exceeding beauty and value. By a 
simple adaptation of the principles above detailed, the 
most accurate copies may be made of any vegetable or 
animal substance that will remain undecomposed in 
solution for a few hours. Thus the most delicate hairs 
and tendrils of plants, and the smallest insects may be 
coated with metal, and preserved. The second process, 
which is known as "Nature-Printing/^ is generally 
used for obtaining impressions of plants, and is often 
so successful that unpractised eyes mistake a simple 
picture made by this method for an excellently dried 
specimen. It has been used in the preparation of that 
elegant work "The Ferns of Great Britain and Ire- 
land.^' The plant to be copied is pressed with great 
force upon a plate of lead, and thus made to leave a 
delicate and perfect impression of itself upon the soft 
metal. Then by means of electrical action, these plates 
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of lead have copper deposited upon them until a stratum 
is formed heavy enough to print from. 

This is then supplied with the various appropriate 
colours, and impressions are taken as in ordinary 
copper plate printing, the inked plate, with the sheet of 
paper laid on it, being passed through a pair of rollers, 
one of which is covered with four or five thicknesses of 
blanket, which, pressing the damp paper into all the 
indentations upon the plate, causes the peculiar raised 
or embossed appearance of the impression. 

The scientific world is deeply indebted to the emi- 
nent savan. Professor Haidinger, of Vienna, who, in 
1850, made the suggestion which led to this application 
of electro-metallurgy. 



CHAPTER XVII. 

Thb Statistics of Coppeb. 



The following table* gives, as nearly as can be 
ascertained, the amount and relative proportion of 
copper produced by the various countries of the globe. 
It will be observed that within 25 years the number of 
tons sent to market more than doubled, an increase 
which is chiefly due to the discovery of new cupriferous 
regions in Chili, Cuba, Australia, and the United States. 
Yet during the same period the price of the metal has 
risen very notably. 

* Whitney's «*MetaUie Wealth of the United States." 
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The production of the globe is at present about 
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68,500 tons, Great Britain standing first upon the list 
followed closely by Chili and the United States, 

The records of the Cornish *^ ticketings ^' form an 
interesting series in which to trace the history of the 
progress of the copper trade by England. They extend 
back more than a century with considerable complete- 
nes3, and indicate in a striking manner the pre-eminence 
and importance of the Cornish mines as a source of 
national wealth. The gradual dechne in the per- 
centage of the ores sent to market, has been justly 
ascribed by Sir Charles Lemon, to the improvements 
which have taken place in metallurgic processes which 
have made the profitable employment of poorer ores 
possible. Further, the importance of rich foreign ores 
and regulus, has necessitated (see Chapter X.) the use 
of minerals holding a lower percentage of metal, in 
order to produce the proper working mixture. 

TABLE II. 

Showing the amount and value of copper ores sold 
in Cornwall from 1726 to 1775, inclusive. 





Ten years' 
tonnage. 


Average 

price 
per ton. 


Amount. 


Average 

annual 

tonnage. 


Average 

aunual 

amount. 






£ 8. d. 








1726 to 1735 ... 


64,800 


7 16 10 


473,600 


6,480 


47,360 


1786 to 1746 ... 


76,620 


7 8 6 


560,106 


7,662 


66,010 


1746 to 1756 ... 


98,790 


7 8 


731,467 


9,879 


73,046 


1766 to 1765 ... 


169,699 


7 6 6 


1,243,046 


16,970 


124,304 


1766 to 1775 ... 


264,273 


6 14 6 


1,778,337 


26,427 


177,833 



THi: metaixubq; of coffeb. 



Shoving the quantity of copper ore, in tons of 
21 cwt., sold at the Cornish " ticketinga " with its 
money value, the amount of fine copper it contained, 
and the standard and percentage from 1771 to 1859. 





TOBB of 
Ore .aid. 


Cop^^ln 


nlue. 


BUadird. 


^ 










£ 


£ 




mi 


2r,8S8 


3347 


1B9,609 


SI b 






I7T2 


27,eti5 


33S6 


1S9,506 


81 






1773 


27,663 


3320 


148.431 




12 




1774 


30,2S4 


3ti30 


162,000 


68 0| 






177fi 


29,966 


3596 


192,000 


78 oj 






1778 


29,433 


3532 


101,590 








1777 


28.218 


3386 


177,000 








1778 


24,706 


2966 


140,536 








1779 


31,115 


3734 


130,906 








17S0 


2j,433 


2932 


171,231 








1781 


28,749 


3450 


178,789 




12 




17S2 


28,122 


3376 


162.434 








1783 


B6JH9 


4296 


218,937 








1781 


36,601 


4J92 


209,132 


72 






17S6 


36,969 


4434 


203,451 


71 






178« 


39,305 


4788 


237,237 


76 oJ 






1787 


33.047 




190,738 










1788 


31.641 




160.303 










1780 


33,281 




184,382 










1790 
















1791 


... 














1792 


... 




... 










1788 
















1794 


42,816 




820,875 










1766 


43,6SB 




338,189 










1706 


43,313 


4950 


366,564 










17B7 


47.809 


6210 


877,838 
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Tons of 
Ore Bold. 


Fine 

Copper in 

Ore. 


Money 
value. 


standard. 


Per 
cent, 
yield. 










£ 


& 


i. 




1798 


51,358 


5600 


422,633 


•AN 






1709 


51,273 


4923 


469,664 


121 









1800 


55,981 


5187 


550,925 


138 


8 






1801 


56,611 


5267 


476,313 


117 


5^ 






1802 


53,937 


5228 


445,094 


110 


18 






1803 


60,566 


5616 


538,910 


122 





8-8 




1804 


64,637 


5374 


570,840 


136 


5 






1805 


78.452 


6234 


862,410 


169 


16 






1806 


79,269 


6863 


730,845 


138 


5>' 






1107 


71,694 


6716 


609,002 


120 


0^ 






1808 


67,867 


6795 


495,303 


100 


7 






1809 


76,245 


6821 


770,028 


143 


12 


9*1 




1810 


66,048 


5682 


569,918 


182 


5 


9 X 




1311 


66,499 


5948 


563,742 


126 









1812 


75,510 


7248 


608,065 


113 


oJ 






1813 


86,713 


8166 


685,572 


113 


0>| 






1814 


87,482 


7936 


766,824 


128 









1815 
1816 


79,984 
83,058 


6607 
7045 


582,108 
541,737 


121 

109 



' 


9-5 




1817 


75,816 


6608 


422,426 


96 









1818 


80,525 


6714 


587,977 


121 


0) 






1819 


93,234 


7214 


728,032 


136 


0^ 






1820 


92,672 


7364 


620,347 


119 









1821 


98,808 


8168 


628,832 


111 





8-1 




1822 


106,723 


9331 


676,285 


104 





O 1 




1823 


97,470 


8070 


618,933 


110 









1824 


102,200 


8022 


603,871 


110 


0^ 






1825 


110,000 


8417 


743,253 


124 


^^ 






1826 


118,768 


9140 


798,790 


133 









1827 


128,456 


10,450 


755,358 


106 









1828 


130,866 


9961 


759,175 


112 


7 






1829 


125,902 


9763 


525,834 


109 


14 . 


7-9 




1830 


135,665 


10,890 


784,000 


106 


15 






1831 


146,502 


12,218 


817,740 


99 


18 






1832 


139,057 


12,099 


885,812 


104 


14 






1833 


188,300 


11,185 


858,708 


110 


Oj 


- 
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Tons of 
Ore sold. 


Fine 

Copper in 

Ore. 


Money 
value. 


Standard. 


Per 
cent, 
yield. 


No. of 




















£ 


£ 


i. 




Mines 


1834 


143,296 


11,224 


887,902 


114 


i^ 




selling 
Ores at 


1835 


153,607 


12,271 


896,401 


106 


11 




the 


1836 


140,981 


11,639 


957,752 


115 


12 - 


7-9 


Ticket- 
ings. 


1837 


140,753 


10,823 


908,613 


119 


5 








1838 


145,688 


11,527 


857,779 


109 


3. 




76 


1839 


159,551 


12,450 


932,297 


110 


2 


7-8 


79 


1840 


147,266 


11,037 


792,758 


108 


10 


7-5 


79 


1841 


135,090 


9987 


819,947 


119 


6 


7-4 


79 


1842 


135,581 


9896 


822,870 


120 


16 


7-3 


70 


1843 


144,806 


10,926 


804,445 


110 


1 


7-5 


64 


1844 


152,667 


11,246 


815,246 


109 


17 


7-4 


68 


1845 


157,000 


12,239 


835,358 


103 


10 


7-8 


77 


1846 


158,913 


12,447 


886,785 


106 


8. 


7-8 


88 


1847 ■ 


148,674 


11,966 


830,789 


103 


12 


8- 


92 


1848 


155,616 


12,869 


825,080 


97 


7 


8-3 


90 


1849 


144,938 


12,052 


716,917 


92 


11 


8-3 


89 


1850 


150,890 


11,824 


814,037 


103 


19 


7-8 


72 


1861 


154,299 


12,199 


808,244 


101 





7-9 


76 


1852 


152,802 


11,706 


828,057 


106 


12 


7-6 


82 


1863 


180,095 


11,839 


1,124,561 


136 


16 


6'5 


94 


1854 


180,687 


11,779 


1,153,756 


140 


2 


6'Ci 


96 


1855 


188,969 


12,241 


1,212,686 


141 


10 


6-8 


106 


1856 


206,177 


13,533 


1,241,835 


133 


13 


e-e 


134 


1857 


191,798 


12,177 


1,201,270 


«• 


• 


6*3 




1858 


182,391 


11,831 


1,057,534 


181 


14 


6-5 


123 


1859 


183,944 


11,888 


1,079,075 


133 


6 


6-4 


120 



The United Kingdom produced in 1858, from the 
164 copper mines that are reported, 226,852 tons of ore, 
valued at £1,336,535, which contained 14,456 tons of 
fine copper, valued at £1,562,693. The total quantity 
of copper produced from British, Foreign, and Colonial 
ores during the same year, was 81,611 tons, valued at 
£3,417,149, 
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In the year 1858 the various smelting companies 
purchased ores and regulus as follows : — 





Tons. 




Tons. 


Mines Royal Company ... 


10,846 


Newton, Keats, and Co. 


1,929 


Vivian and Sons 


53,992 

9,319 

34,204 


Alkali Company 

Briton Ferry Copper 
Company 


526 


Fi'eeman and Co 




Fascoe Grenfell and Sons 


2,065 


Sims, Willyams, and Co. 


27,017 


British and Foreign Cop- 




Williams, Foster, and Co. 


51,214 


I)er Company 


2,499 


Mason and Elkington ... 


24,463 


Pocket Nook Smelt Com- 




Frederick Bankart 


12,873 


nanv • 


551 


Copper Miners* Company 


15,486 


x"""«/ • 

Mona Mining Company... 


485 


Charles Lambert 


9,823 







The imports of copper during the year 1858 were, 
according to Parliamentary returns, as follows : — 



Copper ore 

Regains 

Unwronght in bricks, &c. 
Old copper 



Tons. 

78,641 

18,458 

8,919 

952 



Copper part wrought in 

bars 

Plates and Coin 

Copper manufactures ... 



Tons. 

2,495 

135 

1,068 



Coming principally from Chili, Cuba, Spain, Australia, 
and the United States. 

The total amount of metallic copper exported during 
the same period was 24,788 tons, 5819 tons of which 
went to the British East Indies as sheets, nail, and 
yellow metal, and 4456 tons to France and Belgium in 
the form of unwronght bricks and pigs. 

According to the circular of Messrs. Dupee, Beck, 
and Sayls, the produce of the Lake Superior region in 
1859, amounted to 4,200 tons of ingot copper, valued 
at about £400,000. 



BBADBXTKY AND EVANS, PAINTERS, WHTTEFBIARS. 




CATALOGUE OF WOKKS 

IN 

ARCHITECTURE (CIVIL AND NAVAL), 
AGRICULTURE, CHEMISTRY, ELECTRICITY, 
NGINEERING (CIVIL, MILITARY, & MECHANICAL), 
MATHEMATICS, MECHANICS, METALLURGY, 

ETC. ETC. 
AND 



XNCLUDINa 

MR. WEALE'S 

SERIES OF RUDIMENTARY WORKS, 
SERIES OF EDUCATIONAL WORKS, and 
SERIES OF GREEK AND LATIN CLASSICS. 



PUBLISHED BY 

LOCKWOOD AND CO, 

^ STATIONERS' HALL COURT, LONDON, B.C. 

1859. 



^4 



WORKS m GENERAL LITERATURE PUBLISHED BY LOCKWOOD A CO. 
THE FAVOURITE FIRST FRENCH BOOK FOR A CHILD. 

LA BAGATELLE: 

Intended to introduce Children of five or six years old to aome knowledge of the French 
Language. Revised }fy Madamb X. I4 New and Cheaper Edition, much improved, 
and embellished with eatirely new euts. 18mo. price 2t. 6d., bound and lettered. 

children : likely to command their attention bT its 
heautifol embulishments." — Papen for the SckooU 
ma$ter. 

" A well-knnwn little book, rarisedtimpTOTed. and 
adorned with some Tery pretty new pictures. It is, 
indeed. French made Ttry easy for Teiy little chil- 
dren."— TA« School and tit Teaektr, 



" Will be frmnd to answer its intended purpose in 
erery respect; and the volame can certainly lay 
claim to the merit of beinf^ produced with more 
than an arerage amount of care, so far as its typo. 

Saphical getting-up is concerned." — I/ZiMtraf erf 
me$. 
"A very nice book to be placed in the handa of 



Twelfth Edition, 8vo, 432 pages, reduced from 10«. 0(2. to 7«. 6d. cloth. 

LE BRETHON'S FRENCH GRAMMAR: 

A OXJIDE TO THB FRBNCH LANGTJAGE. 

By J. J. P. Le Brethon'. Revised and corrected by L. Sandieb, Professor of Languages. 

" A thorough practical book."— Crtfie. is its clearness and sfanpUeity of ■rrangement." — 

"Of the man^ works that have come nnder oar Sun. 
notice for teachrag French, this excels them all." — " Deserves nniversal acceptation as the plainest. 

Hant$ Advertiser. easiest, and completest Grammar ever pabliahed." 

" The great merit of this Grammar undoubtedly —EditeatioKal Qaxette. 



Seventh Edition, considerably improved, with new plates substituted, 4to, 5<., dloth, 

VOCABULAIRE SYMBOLIQUE ANQLOFRANCAIS; 

Pour les El^ves de tout Ige et de tout Degr^ ; dans lequel les Mots les plus utiles sont 
enseiga€s par des Illustrations. Far L C. Raoonot, Frofesseur de la Langue Fran^aise. 

A SYMBOLIC FRENCH AND ENGLISH 

VOCABULARY. 

For Students of every Age, in all Glasses ; in which the most Useful and Common 
Words are taught by Illustrations. By L. C. Raoonot, Professor of the French. 
Language. The Illustrations comprise, embodied in the text, acciu*:ite representations 
of upwards of 850 different objects, besides nine whole-page copper-plates, beautifxilly 
executed, each conveying, through the eye, a large amount of iusti*uction. in the 
French Language. 

%* This work in the Anglo-French form having been extensively adopted, not only 
in Great Britain and on the Continent^ but also in America the publishers have deter- 
mined to adapt it to other languages, and by producing it in a more portable form, to 
render it equally suitable to Uie Tourist and the Oeneral Scholar. The following is 
now ready, g^^^^ ^^ ^^ ^^^j^^ lettered, 

SYMBOLISCHES ENGLISCHDEUTSCHES WORTERBUCH: 

SYMBOLIC ANGLO-GERMAN VOCABULARY; 

Adapted from the above work. Edited and Revised by Falck Lebahn, Ph. Dr., 
Author of "German in One Volume," *'The German Self-Instructor," &c. With 
850 woodcuts, and eight full page lithographic plates. 



THE CHEAPEST SCHOOL ALGEBRA. 
Seventh Edition, 12mo, 800 pages, reduced to Z». 0(2., bound, 

NICHOLSON AND ROWBOTHAM'S PRACTICAL 

SYSTEM OF ALGEBRA. 

DESIOITED FOB THE USE OF SCHOOLS AND PmYATE STUDEinrS. 



THE • 

HISTORICAL LINES of DR. GREY'S TECHNICAL MEMORY. 

With various additions, chiefly as they apply to modem history. Arranged for 

genei-al use. Sixth Edition, U., sewed. 



LoNPOK, OctobeVf 1859. 



CATALOGUE OF WORKS 



m 



ARCHITECTURE, AaRICULTURE, 
CHEMISTRY, ENGINEERINa, MATHEMATICS, MECHANICS, 

METALLURGY, &c. &c. 

FUBLISHBD BT 

LOCKWOOD & CO., 

STATIQNEBS' HALL COURT, BLC. 



COUPLETS LIBBABT OF THE MILITABT 8CIENGES. 

Three vols,, royal Svo, upwards of 500 Engravings and Woodcuts^ in extra cloth boardt, 
and lettered^ Al. 10a. ,• or may he had in six separate parts, paper boards, 

AIDE-MEMOIRE TO THE MILITARY 

SCIENCES. 

Framed from Contributions of Officers of the diflferent Services, and edited by a Com* 
mittee of the Corps of Royal Engineers. The work is now completed. 

*#♦ This work is admirably adapted as a present to the young Military Student, and 
should find a place on the shelves of every Regimental Library. It is recommended 
to the notice of Yolimteer Rifle or Artillery Corps. 



ALBAV ON THE HIOH FBESSXTBE ENGINE. 

In 8v0f with 2SJlne plates, 16s. 6d. cloth, 

THE HIGH PRESSURE STEAM ENGINE. 

An Exposition of its Comparative Merits, and an Essay towards an Improved System 
of Construction, adapted especially to secure Safety and Economy. 

By Dr. ERNST ALBAN, 
Practical Machine Maker, Plau, Mecklenberg. 

TBAMSLATED FROM THB OEHMA17, WITH K0TS8, 

By Wm. Pole, C.B., P.R.A.S., Assoc. Inst. C.E. 



BUCK ON OBUQUE BBID6ES. 

Second Edition, imperial 8vo, price 12s. cloth, 

A PRACTICAL AND THEORETICAL ESSAY 

ON OBLIQUE BRIDGES, 

With 13 large Folding Plates. 

By GEORGE WATSON BUCK, M. Inst. OB. 

Second Edition, corrected by W. H. Ba&low, M. Inst. C.E 



4 WORKS PUDLISIIED BY LOGKWOOD & CO. 

CAKK'S BTHOFSIS. 

A SYNOPSIS OF PJIACTICAL PHILOSOPHY. 

containing a giCDt variety ot Tbeoioma, FormnlB. nnd Tables, rrom the moat aocnrato 
and recent authoritifs, in Tnrious hronthes ot Mathemaliia and Salurol Philosophy : 
to which are nuhjomrd Bmnll Tables of La^rithios. Designed u a Manual for 

Scientlflo ^cn. 

Ey.theEEV. JOHN CARR, M.A., 

end rricnda. 

mCHOISON-S CABPENTEB'B QUIDE and FTKFS BULES mt DBAWIRO. 

A i-mr E^itim, tcMltplalei, ito. prirtU. U. tlofh. 

THE CARPENTER'S MEW GUIDE; 

Ot, Book of Lines fat Carpenters. Comprising all the Elemeutary Principles essential 
for acquiring a knowledge of Carpentry, founded on the la le PETER NICHOLSON'S 
eUndara "'orH. 

A Kew Edition, leriBed b]' Ahthde Abbpttel, Arch., F.S.A. ; 

B; Geokos Ftns, AituL 



DEHFSETS PRACTICAL BAILWAT EFOnTXEB. 

In Om large Pol. 4^^, pfiie 21. 12s. 6d. cloth, 

THE PRACTICAL RAILWAY ENGINEER. 

A Concise Dcnriptlon ot the Engineering and Mechaninal Opeiatlona and Structurea 

nhich are combined in Iho Formation of Kailways for Piihlio Trsfflt; embracing an 

Account of the Principal Works ciccnlcd In the ConBtruction of Eailwajs to the Pre. 

■ent Time ; vltb Facts, Figures, and Data, intended to Bialtt the Civil Engineer in 

designing andejeeutiog the important Detail* required (or those Greot Public Works. 

Bj a. DETSDALB DEMPSEY, Civil Engineer. 

Foiuth Edition, revised and greatly extended. 

With 71 double ijuarto plalea, 72 noodeati, and Fortraitcf Geduoe StEroESsox. 

g mito, cmbukini ill IntlD.^iln"'' H DUIii. jH.I nfliili of pumps 

I Plilp. wi|«tin|i an IIHlq, fliii.WnH »c H Bjiio, jtlniloUmltiiilMS 

i Brick aul ■iDdc cslicne »-^DliLa.ciil-lniii>leemi,tc. I S) IJolsIlDiiiuu^liiiiiry 

fi I'licJ crouldll tODklo. EtesheTiHm'L Bnuil'l. ! M Pillo. dsUlli 

}! nkEiUuddclsIll 






WORXS PUBLISHED BY LOCKWOOD & CO. 



BABLOW ON THE STRENGTH OP KATEBIALS. 

With Nine lUwtraiiom, 8vo, Ids. eloth^ 

TREATISE ON THE STRENGTH OF TIMBER, 

CAST IRON, MALLEABLE IRON, 

And other Materials ; with Rules for Application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the Powers of Locomotive 
EngiPiCS on horizontal planes and gradients. 

By PETER BARLOW, F.R.S., 
Hon. Member Inst. Civil Engineers, &c. 

A New Edition by J. F. Heather, M.A., of the Royal Military Academy, 

Woolwich. 

WITH AN ESSAT ON THE EFFECTS PRODUCED B7 CAUSINO WEIOBTS TO IBATEL 

OVER ELASTIC BARS. 

By Fbof. Willis, of Cambridge. 



GBEGOBTS UATHEKATICS, BT LAW. 

TIdrd Edition, in 8vo, vnth 13 Plates, very neatly TuUf-bound in moroeeo, 11. Is. 

MATHEMATICS FOR PRACTICAL MEN. 

Being a Common Place Book of Pure and Mixed Mathematics, designed chiefly for the 
use of Ciyil Engineers, Architects, and Surveyors. 

ByOLINTHUS GREGORY, LL.D., F.R.A.S. 
Third Edition, revised and enlarged by Henrt Law, Civil Engineer. 

CONTE27TS. 



PART I.— PURE MATHEMATICS. 

Chapter I. Arithmetic— Chap. II. AUehra.— Chap. 
III. Geometry.— Chap. IV. Mensuration.— Chap. 
V. Trigonometiy.- Chap. VI. Conic Section*.— 
Chap. VII. Properties of Curves. 



PART Il.-MIXED MATHEMATICS. 
Cliapter 1. Mechanics in General.— C da p. II. Sta- 
tics.— Chop. III. DynRmics.— Chap. IV. Hydrosta- 
tics.- Cliau. V. IIvdrodTnamics.— Chap. Vl. Pneu- 
matics.— Chap- Vll. Mechani<*al aicents.- Chap. 
YIII. StrenKth of Materials.— Appendix of Tables. 



A COMPLETE SODT OF EUSBANDBT, BT TOTJATT. 

Tenth Edition, much enlarged, with numerous Engravings, 8vo, price 125. cloth, lettered, 

gilt back. 

THE COMPLETE GRAZIER, 

AND PARMER'S AND CATTLE BREEDER'S ASSISTANT, 

A Compendium of Husbandry : containing full instructions on the breeding, rearing, 
general management, and medical treatment of every kind of stock, the management 
cf the dairy, and the arrangement of the farm offices, &c. ; description of the newest 
ftiid best agricultural implements ; directions for the cu'ture and management of £n*a88 
land, and of the various natural and artificial grasses , draining, irrigation, warping, 
manures, &c. 

By WILLIAM YOUATT, Esq., V.S., 
Member of the Royal Agrl. Soo. of England ; Author oC " Tea ^w«r,'' *" ^t^.^^;" ^^, 



fl WOEKS PUBLISHBD BT LOCKWOOD k CO. 

Sceoml EdilioH, Allai nf Flata, uiOt ttpartdi tal, price \L Cl, 

ON IRON SHIP-BUILDING. 

With PnieUoil Eiamples Mid l^el»ll^ io Twenty-four Plaien. indodinf three of Uis 
Great Baatem, tc««ther wilh Text coDlsiDing Ucsotii^lioiu, EipUnatioiu, ud Oenenl 
Bemacki, An tlu ow oT SUp-OWMn utd BUp-bulldan. 

By JOHN GRANTHiM, C.E., 
CoMnlling fingineer and Nayal Atchitml, LiTCrpooL 
*i* A Tork OD (be conitnution and boiU of Sblps, bj the application of Iran, bus 
Ht Impartancflj not onl;r ^ Naral AroMEeclSi but to Englneen 




xa&DT BxcEomEB, racLCDmo fr&choital paxti of a pouhs 



S4inD, 1*. 6tL cfoO, or 2fl. tfronffly bound ifi Ua&F, 

THE INSTANT EBCKONEE. 

Sbosrtng (be Vnloe ot any Quantity of Gooda, Including Fraotional Part* of a Pound 
■Weight, at any price from One Tarthing to Twenty Shlllinga : with tm Inlroduotion, 
smbrsciug eopioiu Noua of Caina, Waigbtts Ueasoin, and other ComnieTGial and 
Ueeful Information ) and an Appendii, cDnialnlng Tableji of Inlemt, Balarlo, Con- 



SDCXS OR LETOZISa. 
FiiurlAEiUivm,KM1plaUiiaidmiiruroiuKotile¥U, Biw, b. &L, deO. 

A TREATISE ON THE PRINCIPLES AND 
PRACTICE OF LEVELLING, 



Br FREDERICK W. SIMUS, F.Q.S, M. Inst. C.B. 
Fosrtb Edition, with the addltioa ot Ui. Ln*! EnDtiial Eumplaa tar aeWnc oat 
Sailway Carves, and Mr, TrautwinB'an«\aPiM«6«<ill«)to«™s.Om^»i^aK^B, 



WORKS PUBLISHED BY LOCKWOOD & CO. 



MOST VSESBVL IfOBK FOB COUMTUT 0BNXLEMEV, 7ABMEBS, 

LAND AGENTS, &o. 

New Edition, teith Additiona and Carreetioru, prki is., strongly bound, 

THE LAND VALUER'S BEST ASSISTANT. 

Being Tables, on a rery mnch improved Plan, for Calealating the Yalne of Estates. 
To which are added, Tables fbr reducing Scotch, Irish, and Provineial Customary Aeres 
to Statute Measure ; also, Tables of Square Measure, and of the rarious Dimensions of 
an Acre in Perches and Yards, by which the Contents of any Plot of Ground may be 
ascertained without the expense of a regular Surrey, Hiscellaneous Information on 
English and Foreign Measures, Specific Grayities, &c. 

By B. HUDSON, Civil Engineer. 



" Tliis new edition indndes tables for ascertain- 
ing the valae of leases for any term of years; and 
for showing how to lay out plots of KToand of 
certain acres ki fiirms, aquare, round, Ao^ with 



valuable rules for ascertaining the probable worth 
ot standing tinvber to any amount : and is of incal- 
culable valae to the country genOeman and ptotn- 
sional man."— JAirmn'* JtnmiaL 



INWOOB^S TABLES. 

SefunletnthJBdUion. l2mo, cloth, 7t.t 

TABLES FOR THE PURCHASING OP ESTATES, 

Freehold, Copyhold, or Leasehold, Annuities, Adrowsons, &e., and for the renewing 
of leases held under cathedral churches, colleges, or other corporate bodies, for terms 
of years certain, and for lives ; also, for valuing reversionary estates, deferred 
annuities, next presentations, &c., the Five Tables of compound interest, the Govern- 
ment Table of Annuities, and an extension of Shabt*s Tables. 

By WILLIAM INWOOD, Architect. 

The Seventeenth Edition, with considerable additions, and new and valuable Tables of 
Logarithms for the more difficult computations of the Interest of Money, Discounti 
Annuities, fte., by Mons. Fbdos Thoicak, of the Sod^ti Credit Mobilier, Paris. 



irOBlEAHDTS GOIOEBBCIAI EAKDBOOK. 

In post Bvo, ia%tatr(Ued vUh woodcuts, price 12s, 6d., hsuMUonuly bownd in el»th, 

THE' 

COMMERCIAL HANDBOOK OF CHEMICAL 

ANALYSIS ; 

Or, Practical Instructions for the Determination of the Intrintio or Commercial Talae 
of Substances used in Manufactures, in Trades, and in the Arts. 

By A. NORMANDY, 
Author of ** Practical Introduction to Rose's Chonistry," and Editor of Hose's 

" Treatise of Chemical Analysis.' 



** 



" We recommend this book to the careful perusal 
of every one; It mar be truly affirmed to be of nni- 
versal interest, ana we stronidy recommend it to 
our readers as a guide, alike indispensable to the 
housewife as to ti)« pharmaceutical practitioocr."— 
Medical Timu. 

" A truly practical work. To place the unscien- 
tific person In a position to detect tiiat which miicht 
iruin him in cluuracterand iortune,tbe present work 
will prove hiichly valuaUe. No oat can pemae thia 
treatise without feeling a deslrs to acquire farther 



and deeper knowledge of the enticing acienee of 
chemical analyaia."— Jfa y e wt er. 

" The author lias produced a volume of surpassing 
Interest, in which ne desci^bes the character ana 
properties of 400 difltenut articiea of commerce^ the 
aubaunces by which they are too frequently adulte- 
rated, and the means <n their detection."— Jfiaiaff 
JoumaL 

** The veiy best work on the snbiect the EacUih 
Fnss bM yet prodnced."- JmAmMcnI' M«t«adbMu 



R 
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XrOBMAlTDTS GHEHICAL ATLAS AND DICnOlTABIES. 

The Atlas, oblong folio, cloth limp, 11. Is., the Dictionaries, post 8vo, 7$. 6d,, tloth/ 
or. Atlas and Dictionaries together, 12. 8s. cU^ 

THE CHEMICAL ATLAS; 

Or, Tables, showing at a glance the Operations of Qualitatiye Analysis. With Prac« 
tical Observations, and Copious Indices of Tests and Re-actions ; accompanied by a 
Dictionary of Simple and of Compound Substances, indicating the Tests by which 
they may be identified ; and a Dictionary of Re-agents, indicating their preparation 
for the Laboratory, the means of testing their purity, and their behayiour 'with 
Substanscs. 

By A. NORMANDY, 
Author of "The Commercial Handbook of Chemical Analysis," &c., &c., and Editor 

of H. Rose's " Treatise of Chemical Analysis." 



" Tables such as these, like Maps and Charts, are 
more eloquent thin the clearest prose statement. 
It is the most elaborate and perfect work of the 
kind that we are acquainted with."— J>fecAa»tc«' 
Mui/tixine. 

" The work gives evidence of the author bcine 
perfect master of the task he has undertaken, and 
will no doubt occupy a place in the library of every 
chemical student and analyst."— Afiataur Journal. 

** Several works on chemical analysis have for 
many years held a high position in tlie estimation 
of the scientific chemist. The work before us will 
be found in our opinion far more useful to the 
student of analysis, nay more, to the practitioner. 
The directions are more minute, and the number of 
cases introduced infinitely more varied. There is 
scarcely a possible case wnich the author has not 
provided for. From a careful examination we are 
able to Bay that any person possessed of a slight 



knowledge of chemical manipulation, may, by 
means of the Atlas and Dictionaries soon make 
himself a proficient analyst. Everyone who studies 
the Atlas must be impressed with the magnitude of 
the author's Isbour, and the vast extent to which 
he has economised the time and trouble of those 
who avail themselves of his friendly assistance."— 
The Ckemitt, 

" ' Normandy's Chemical Atlas' for comprehen- 
siveness and completeness far surpasses ansrthing 
of the kind hitherto published. 1 feel convinced 
tliat the student may with the aid of the Diction* 
aries, with which the Atlas is accompanied, toe- 
cessfuUy and alone undertake the ezaminanon of 
the most heterogeneous mixture, whether composed 
of organic or inorganic substances, or of both 
combined."— 2f«nry M. Head, F.R.S., Ltetvrer os 
Ckemittry at St. Georgia Hoapital. 



By the same AtU7u>r, croicn Svo, price 4«. 6d., cloth^ 

THE FARMER'S MANUAL OF AGRICUL- 
TURAL CHEMISTRY; 

With Instructions respecting the Diseases of Cereals, and the Destruction of the 
Insects which are injurious to those plants. Illustrated by numerous woodcuts. 

" This work will be found of incalculable value " By far the best attempt to supply a treatise of 

to the Fanner. We have perused it with much a limited kind on the chemical analysis of the ma- 

interest, and have no hesitation in reeomniendiog terials with which the agriculturist is concerned ; 

it to the notice of every farmer, who will find it an the instructions are very satisfactory, and are 

excellent guide in all qtictitlons of Agricultural accompanied bv illustrative figures of the neoesiaiy 

Chemistry."— ^£rrtcM/<uraI Magatint. apparatus."— ^foenlefn Jownuu, 



8P00NEB ON SHEEP. 

Second Edition. 12mo., 5s. cloth. 

THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF THE SHEEP. 

In Three Parts. Illustrated with fine Engravings from Drawings by W. Habvey, Esq. 

Br W. C. SPOONER, V.S., 

Member of the Council of the Royal College of Veterinary Surgeons ; Honorary Asso. 
elate of the Veterinary Medical Association ; Author of " Treatise on the Influenza,*' 
and the " Structure, Diseases, &c., of the Foot and Leg of the Horse ;'* Editor of 
White's " Cattle Medicine," and White's " Compendium of the Veterinary Art." 

"The name of Mr. Snponer, who is a distin- 1 to their libraries ; and, as a work of reference, it 
irnished member of his iVofession, is a snfficient I ought to be In the possession of all She^ Faim* 
guarantee for the accuracy and tiseililness of its \ en."— Gordencnf dtanmM*. 
coateata. Farmenf ciubs ought to add this work\ 



W0EK8 PCBUSHED BT LOCKWOOD k CO. 



Fourth BdOian, aUiritf nwrUle 

A MANUAL OF BLBCTRICITT. 

Including Oalvuiism, UigDetlBui, Dis-mPKiietiim, Elertro-Cjiiunici, Uagi 

BjHENEY M. NOAD, Ph.D., P.C.S., 
Lectorer on Chemistry at St GeorBe'i HcnpiW. 
Or is Two FarU : 
Put I., £LECiucin and Qalvihiim, Sto, 16>. cIoUi. 
Fart II. UiGNiTUK and Uh Elictuc Tkleoupb, Std, lOt. Si. cIoUi. 






■ Kmcff Or- NuJ fabptrfVIDDd taU**BUlual 
" At ■ WDTt of idhnB«% tUi ' BUmul'lft paltlH- 

^^^^^ 

udflupuuiLnnitdHtDffilcorrtcLlritbeanOKtTaC 
ihepnHDl vfOiame liuocnpLvd oar %tK atliD- 
llon- It Li wonlir of a i>1ftca U thB DBnV « 



lOEDaoU) OJT TEX STBXKGTH OF IBOF, fte. 

FouTlh Sdili(m, in Tag FoFi,, Bim,11.4»., 6oan(»{riIAir FWwrK may it Ami uparoWyJ, 

A PRACTICAL ESSAY ON THE STRENGTH 
OF CAST IRON AND OTHER METALS; 

I[on-Mael«[e, MUIirrighls, Architecta, 



Intended for tho aisiatance of En^eei 
FounderB, SmitiiB, and oUieri engaged ii 



onplea founded 



Improved and enlarged. By E 



HODOEDiaon's REBEABCHzs OH moir. 



»,* yol. II. ot the : 
SIllENGTn and OTHE 
principles ; 



EXPERIMENTAL RESEARCHES 01 
ot CAST IRON : with the dBvelopmi 
n Uiem ; and Inqolrle 



A'ilh PlaMi anA 
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B00E&8 Olf ntOH HETAIXTJSOT. 

WUh 20 canfuUy-prepared coppar-pUUes. One To/., 8vo, IL 6s., doth. 

AN ELEMENTARY TREATISE ON IRON 

METALLURGY, 

Up to the Manufacture of Puddle Bars, built upon the Atomic System of Philosophy ; 
the elements operated upon being estimated aoeording to Dr. Wollaston's Hydrogen 
Scale of Equivalents ; comprising suggestions relative to important Improvements in 
the Manufacture of both Iron and Steel, and the conduct of Extensive Iron Works ; 
with Analytical Tables of Iron-making Materials. 

By SAMUEL B. ROGEBS, of Nant-y-Glo, 
Inventor of Iron-Bottoms to Fuddling-Furnaces, and of the present system of pre- 
paring Ck>ke, in Double or Single Ovens. 



"I do not hesitate to tay that ttx. Rogera's work 
on Iron Metallurnr is, Dejrond oomparison, the 
most complete comoination of eeience and soand 
practice that has yet appearM on iron."— Dan'd 

" A Tolome which ought to he at hand in every 
Iron ATorks in the kinffdoro, and in the possession 
of every Ironmaster."— nTolMrAaiiiptoii Chronicl*. 

"Mr. Bogen doe* not come beftve the public as 



an untried theorist, for oae of hia fvpaBtfoiM bai 
heen adopted generally thronglMmt the Iron Ifaiin- 
fhctories of the world, and with laaNHe advaatac^ 
to Ironmasters."— Jlrtffol l%nM. 

"A remarkable hook. Its nmue iiL evidflndy, 
a man of practical ezperieno^ and or m mean 
scientific attainmests, who has made the iineatlon 
on which he writes the hnstnew and tUMif «f hia 
mer-atmfMMin Jittrti$tr. 



FTlfFS BULES FOB BBAWIHO. 

In ito, taith 14 plates, in Juxlf cloth boards, 7s. fkL 

PRACTICAL RULES ON DRAWING, 

FOR THE OPERATIVE BUILDER AND YOUNG STUDENT IN 

ARCHITECTURE. 

Br GEORGE PYNE, 
Author of " A Rudimentary Treatise on Perspectiye for Beginners.*' 

conrmtm. 

1 Practical Rnles on Drawing,— Outlines. I 4 Practical Boles on Lisht and Shade. 

2 Ditto.— the Grecian and Roman Orders. | 5 Practical B>ale« oa Coloiur. 
8 Practical Boles on Drawing,— Perspectire. | . &c. &c. 



D0S80N and OABBETTS STUDENTS OTTIBE. 

In One Vol., Svo, extra clo^, 9s. 

THE STUDENT'S GUIDE 

TO THE PRACTICE OF DESIGNING, MEASURING, AND VALUINa 

ARTIFICERS* WORKS; 

Containing directions for taking Dimensions, ahstraoting the same, and bringing the 
Quantities into Bill ; with Tables of Constants, and copious memoranda for the 
Valuation of Labour and Materials in the respective trades of Bricklayer and Slater, 
Carpenter and Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and. Glaxier, Paper-hanger. With 48 plates and woodcuts. The 
Measuring, &c., 

Edited by EDWARD DOBSON, Ardiitect and Sunreyor. 

Second Edition, with the Additions on Designs 

ByE. LACY GAUBETT, Aic\i\.\«c^\ 

7'os'cfher with Tables for BquaiVng and CuV.ti«. 



WOREB mSUBHBD BT lOCEWOOD k 00. 11 

coRuns, jixbu, un tawait aninffis. 

Jn Wo, «7 Plotu, It. li. clia, 

DESIGNS AND EXAMPLES OP COTTAGES, 
VILLAS. AND COUNTEY HOUSES. 



XnUSS ZBZI BOOK rOB ABOHIIKCIS, BRSIHXEBS, 8UB7ET0B8, ftg. 
Ai Alt laim LUci Fcl. Svo, vilh lamirav nvniniwi, 1{. 3>i 

A GENERAL TEXT BOOK, 

For (he conituit Uh lad KeCcceaCE of ArcliLIeoti, Eoglneecii, SuTTeTori, Solicitors, 
AncUoneeia, Land AgenU, ind atewudi. In all tlwii htctbI tad nited proftsiloul 
McupatkiiiA ^ and for the uuBluico uid ^Idimn of countrj ^ntlcmeti and others 
(ngaged in Ihe Tranrfcr, Management, or ImproTemenl ot Landed Propertj, oon. 
tainlng Tbeoremi, Formule, HuIei, and Tablee in Oeomeliy, Uaniuratian, and 
Ttigonomelrj ] Land Mcaiuring, SutTeylng, and Lsvelllng; Ballwaj and Hydranllc 
Eugineeiing; Timbn XsuBilnf ; Un YBluHloi] of ArUflccn' Work, Estates, Letue- 
holdi, Lifebolda, Annuitiei, Tilings, Fanning Stock, ud Teiumt Bight ; the Aaucs. 
mcnt of PaiichcB, Builwayt, Ou and Water Works ; the Law of Dllapldatiuit and 
KoisancoA, AppTolKmcnti and Auetluu, T^Lodlord aad Ten ---'■-- 
Leasefl. Togedier irith Exampleo of Villu and Country Houflei 



Ta Khieh an added terenl Clupten cm Agricnltiire and Landed Property, 

By Professor Dosaldsoh, 

Author of iBTeral Wnika on Agricullnie, 



Cbap. U; BuUdR-i Wicrt^ Cblf. UI. 



'•■Mi-t p Mh.-C»ijl»IT. »uip L»iri.-KiH 
CoJ iHUkiCoiutijBonB*. 
tup ArFENDIX ON I.anDED PBO'. , . 



VHEBUEB'S UKSlOSESSJr, te, AflSISIABT. 

24inii, etoa beardi, 2a. Sd. 

THE APPRAISER, AUCTIONEER, AND 
HOUSE-AGENT'S POCKET ASSISTANT, 

Foi the Taluation, pnrobaie, and the renewing of Leaiea, AnnoiHei, KcTeraionB, 
and of Fropertj genenll; ; prlcea let Invcntorlia, with a Onldo to dateratiiM Oh nine 
ut the IntBrion, fltUnga, fBinltore, &o. 

Bj JOHN WH.BEiE&.'^iwa. 



12 WORKS PUBLISHED BY LOCKWOOD & CO. 

TEHFLETON'S WOBKSHOF COHFAHION. SIXTH EDUIOH. 

In, 12ino, price Ss.^ bound and lettered^ 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, 

And THE SCIENTIFIC GENTLEMAN'S PRACTICAL ASSISTANT; comprising a 
great variety of the most useful Rules in Mechanical Science, diTested of mathenuu 
Ileal complexity ; with numerous Tables of Practical Data and Calculated Results, for 
facilitating Mechanical and Commercial Transactions. 

By W. TEMPLETON, 
Author of " The Engineer's Common-Place Book," &c. &c. 

Sixth edition, with eleven plates and the addition of Mechanical Tables for the use of 
Operative Smiths, Millwrights, Engineers, &c., and practical directions for the 
Smelting of Metallic Ores. To which also have been now added several useful and 
practical Rules in Hydraulics and Hydrodynamics, and an account of Dundas's Steam 
Hammer. 

CONTENTS. 



Geometry— Geometry applied to M»chanic»— De- 
cimal Arithmetic — Mensurntion — Instrumental 
Aritlimetic— Commercial Table*— Strength of Ma- 
terials -Mechaaic Powers — Coutinuous Circular 



Motion— Friction— Propertiei of Water and Air— 
Sream Engiue Boilers— Dundaa'i Steam Ilaauner 

—Logarithms. 



THE BEST BUHDEB'S FBICE BOOK. 

Fourth Edition, in 12mo, cloth boards, lettered, 4«., 

WEALE'S BUILDER'S AND CONTRACTOR'S 

PRICE BOOK. 

Published Annually. Containing the latest prices for work in all branches of the 
Building Trade, with items numbered for easy reference ; and an Appendix of Tables, 
Notes, and Memoranda, arranged to afford detailed information commonly required 
in preparing Estimates, &c., for Builders and Contractors of Public Works. 



WIGHTWIGK'S HINTS. 

IVUh numerous Woodcitts. In Svo, extra cloth, top edges giU, 8s., 

HINTS TO YOUNG ARCHITECTS. 

•Comprising Advice to those who, while yet at school, are destined to the profession ; 
to such as, having passed their pupilage, are about to travel ; and to those who, having 
completed their education, are about to practice : together with a Model Specification ; 
involving a great variety of instructive and suggestive matter, calculated to facilitate 
their practical operations ; and to direct them in their conduct as the responsible 
agents of their employers, and as the rightful judges of a contractor's duty. 

By GEORGE WIGHTWICK, Architect, 
Author of " The Palace of Architecture," &c., &c. 



Preliminary hints tc young ar- 
chitects on the knowledge of 
drawing 
On serving his time 
On trnvelling 
His plate on the door 
Orders, plan-drawing 
On bis taste, study of interiors 
Interior amDgements 
Ifarniinn,' and Ventilating 
housebuilding, stabling 
Cnttarea aad villaa 
Modal SpeciScatiou ' 



CONTENTS. 

General Clauses 

Foundations 

Well 

Artificial Foundations 

Brickworli 

Bubble masonry with brick 

mingled 
Stone-cutting 

„ Grecian or Italian only 
„ Gothic only 
Miscellaneous 



Plaster and cement work 

Carpenters' work 

Joiners' work 

Iron and metal work 

Plumbers' work 

Drainage 

Well-digging 

Artificial levels, concrete, foun* 
dations, piling and plankings, 
paving, vaulting. beU-banging, 
miBceuaucuuB \ plumbing, and building gene- 

Slating \ T«A.ir> 

Tiling \ 



WORKS PDBLISHED BY LOCKWOOD b CO. 
TBEDOOLD'S CABFEHTBT. TOTFBTH IHIIIOH. 

THE ELEMENTARY PRINCIPLES OP 
CARPENTRY ; 

A Trmtue on tbe pressnra uid equUibriam ot timbei fraralsg, tbe nsblaiic 
timber, and the consttnetlon ot floori, arohei, Tiridfea, roofs, nniting iron anfl ■ 
villi timlicr, Sic, nith practical rules sad eiamplcg ; lo vtich la addad, an essa; 
ths nature and properfles of timher. iododinit the method ot aeBSDninit. and 
cnuMB and prevention of ds 
building ; also nsmeroos Ubl 
tbe ipecifle grayitiee of mnteri 

By THOMAS TREDGOLD, Civil Enginear. 

lUuBtrated by flilj-tbree EDgravings, a portrait ot tbe author, and teTeral Woodcnta. 

■n .^ .^..^T > ... ^ .._ ,. ,p^]j|^ enlarged. With an Appeadii, containing 



antUogs at tl 



IJ roS St ims at iSi((Serih. « w uk\cjf. Oelleia Clia- 



! a DtuSa'/lnn 



lal^aDiClaOhpriaSi. 

THEORY OF COMPOUND INTEREST AND 

ANNUITIES, 

With TABLES or LOGAEITHMS for tbe more difficult computations of Interest, 
Discount, Annuities, &c., in bU tbelr epplicatioss and uses for Mercantile and Slate 
parposee, with a foil and elaborate intioductioo. 

By FEDOR THOMAH, of the Soei6t4 CrMit Mobilier, Paris. 



i WOEKa PPBU SHKD BY LOPgWOOD ft CO. 

WX&IX'S ENOINEEa'S POCKET BOOK. 

Wilh S citirptT fialii, and flugtmiiu KiMdniA iiina1tt<ut, Ml 

THE ENGINBKE'S, ARCHITECT'S, AND 
CONTKACTOE'S POCKET BOOK. 



Cinin CriiiidB. Sjittn, ac 

EiibianUnc7tlie Flumi 
Mrt»»in i HI ih> Hathuira] Fi 
Enia «f ViHlkt Inn 



■jtuic« ILlit ofl ud WcirUi rf a 
fllFderi ICoitknJ 



LaUnidn ud LsheHiIh [>i. 
HuUf Bern Ftimlitn 

enportlobi of H0tH Eajinti 



SiHpenAir Bjdlinrf 



ME. WEALB'S SERIES OF 

RUDIMENTARY, SCIENTIFIC, EDUCATIONAL, 

AND CLASSICAL WORKS, 

At pricM varjing from 1». to 2(. 6d. 
LitU may ie ftoti on application to Messrs. Looswood b Co. 

\* Tbu eicellenti uid eztraordiuu'il; slie&p Mriea of books, now somprinim 

spvaids of 150 dlffei'eiit works, in almoet ersrj department of Bdenos^ 

Art, and SiacaXion, ig atrongl; recommeadBd to tlia notice of Heabaoioi' 

iisti'iu tiona, Literarj and Sc'ienttfie Aaaoraaiioia, ■?«« \aitKiw, Colliia^ 

BchoQla and Sdidenta generaUy, uiii;iBDU'U.n^o»si»,%^ai!iKni^ 



CATALOGUE 



or 



EUDIMENTAET. SCIENTIFIC, EDUOATIONAI, AN] 

CLASSICAL ¥OEKS 

VOB 

COLLEGES, HIGH AND OEDINAEY SCHOOLS, 
AND SELP-INSTEUCTIOK. 

ALSO FOB 

MECHANICS' DESTITUTIONS, FREE LIBRARIES, &o., &o. 



ME. WEALE'S 
SERIES OF RUDIMENTARY WORKS 

FOB THB USE OF BEaiNNSBa 



LONDON ; JOHN WEALE, 69, HIGH HOLBORN. 
WHOLESALE AQENTS, liOCKWOOD ft CO., 7, SXATIONEBS' BALL COUBT, TLi 

The seyeral Series are amply illustrated, in demy 12mo., each neatly bound 
cloth 'f and, for the conyenience of purchasers, the subjects are published separate 
at the following prices : 

1. CHEBnBTBY, by Prof. Fownei, F.B.S., including Agricultural Chemistry^ 
for the use of Farmers 1 



• • 



2. Natuilal Philosophy, by Charles Tomlinson . . • 

3. OEOLoaY, by Major-Gten. Portlook, F.B.S., &o. . • • 1«. 6 

4. 5. MuteraIiOOY, with Mr. Dana's additions, 2 yob. in 1 . • • 2 

6. Mechanics, by Charles Tomlinson .....•.] 

7. Eleotkicity, by Sir William Snow Harris, F.R.S. . . • 1». 6 

7.* On Galvanism ; Animal and Voltaic Electricity ; Treatise on 
the OeneralPrinciplesof(jalvanic Science, by Sir "W. Snow Harris, F.B.S. Is, 6 

8. 9, 10. Magnetism, Concise Exposition of, by the same, 3 yols. in 1. 3«. 6 

11, 11* Elbcibic Teleoaaph, History of the, by E. Highton, C.E. . . i 

12. Pneumatics, by Charles Tomlinson ] 

13, 14, 16, 16* CmL Enoineesino, by Henr^ Laht, Q.E..^ ^ -^Osb^'^ ^aSi. 
Supplement by G. R, Banam, 0,l&,^\n.\^Q\. % • *^ 



16 RUDIMENTARY SERIES. 

16. Architecture, Orders of, by W. H. Leeds . . . . ... 1*. 

17. Architecture, Styles of, by T. Bury, Architect . . . . 1*. 6^. 

18. 19. Architecture, Principles of Design in, by E. L. Garbett| 2 vols, in 1 : 2». 
20, 21. Perspective, by G. Pyne, 2 vols in 1 . . . f^ . .2*. 

22. Building, Art of, by E. Dobson, C.E 1#, 

23, 24. Brick-Making, Tile-Making, &c., Art of, by the same, 2 vols. 

in 1 2f. 

25, 26. Masonry and Stone-cutting, Art of, by the same, with illustra- 
tions of the preceding, 2 vols, in 1, by the same . . . . 2«. 

27, 28. Painting, Art of, or a Grammar of Colouring, by George Field, 

2 vols, in 1 2s. 

29. Draining Districts and Lands, Art of, by G. D. Dempsey, C.E. Is. 

30. Draining and Sewage op Towns and Buildings, Art of, by the 

same Is. 6d. 

31. Well-sinking and Boring, Art of, by G. R. Bumell, C.E. . . 1*. 

32. Use of Instruments, Art of the, by J. F. Heather, M.A. , . . 1». 

33. Constructing Cranes, Art of, by J. Glynn, F.R.S., C.E. . . I«. 

34. Steam Engine, Treatise on the, by Dr. Lardncr . . . . , 1*. 

35. Blasting Rocks and Quarrying, and on Stone, Art of, by Lieut. - 

Gen. Sir J. Biirgojne, Bart., G.C.B., R.E 1*. 

36. 37, 33, 39. Dictionary of Terms used by Architects," Builders, Civil 

and Mechanical Engineers, Surveyors, Artists, Ship-buiid^:s, &c , 
4 vols, in 1 • . . 4«. 

40. Glass Staining, Art of, by Dr. M. A. Gessert . . • . .1*. 

41. Painting on Glass, Essay on, by E. 0. Fromberg . . . . 1^. 

42. Cottage Building, Treatise on . * Is. 

43. Tubular and Girder Bridges, and others, Treatise on, more particu- 

larly describing the Britannia and Conway Bridges . . . . 1«. 

44. Foundations, (fee. Treatise on, by E. Dobson, C.E. . . • . 1». 

45. Limes, Cejients, Mortars, Concrete, Mastics, &c., by G. R. 

Bumell, C.E Is. 

46. Constructing AND Repairing Common Roads, by H. Law, C.E. . 1*. 

47. 48, 49. Construction and Illumination op Lighthouses, by Alan 

Stevenson, C.E., 3 vols, in 1 Zs. 

50. Law op Contracts for Works and Services, by David Gibbons . Is. 

51, 52, 53. Naval Architecture, Prini;iples of the Science, by J. Feake, 

N.A., 3 vols, in 1 3«. 

53*. Laying off Ships, being an introduction to the Mould Loft of Ship 

Building, by James Peake, N.A. «« the press . . * . . Is. 6d. 

53**. Atlas of large Plates to ditto ditto ls»6d, 

54:. Masting, Mast-making, and Rigging of Ships, by B. Kipping, 

N.A Is.ed. 

54*. Iron Ship Building, by John Grantham, N.A. and C.E. . 2*. 6d. 

55 f 56. Navigation, Treatise on ; The Sailor's Sea-book.— How to 
keep the Log and work it off— Latitude and Longitude— Great Circle 
iSaitng— Law of Storms and Variable Winds ; and an explanation 
of Terms used, with coloured illusti-aticns of Flags , . , 2s, 

^7, SS. Warming and Ventilation, "by Ch-adealoToiMason^ 2 vols, in 1 . 2s. 
^^. ^rELiM Boughs, by R. AnnBtrong, C.^ ^«» 
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6^, 61. Land AND Engineebing Surveying, by T.Baker, C.E., 2 vols, in 1: 2s, 

62. Railway Details, by Sir M. Stephenson, Vol. I. ... 1». 

62*. Railway Working in Giieat Britain, Statistical Details, Table of 
Capital and Dividends, Revenue Accounts, Signals, &c., &c., by E. 
D. Chattaway. VoU II If. 

63, 64, 65. Agricultural Buildings, the Construction of, on Motive 

Powers, and the Machinery of the Steading ; and on Agricultural 
Field Engines, Machines, and Implements, by G. H. Andrews, 
3 vols, in 1 . . 35. 

66. Clay Lands and Loamy Soils, by Prof. Donaldson, A.E. . . . 1*. 

67, 68. Clock and Watch-making, and on Church Clocks, by E. B. 

Denison, M.A., 2 vols, in 1 2s, 

69, 70. Music, Practical Treatise on, by C. C. Spencer, 2 vols, in 1 , , 2s. 

71. Piano-Forte, Instruction for Playing the, by the same . . , Is, 

72. 73, 74, 75, 75*. Recent Fossil Shells (A Manual of the MoUusca), 

by Samuel P.Woodwai'd, and illustrations, 4 vols, in 1, Supplement 5s. 6d. 

76, 77. Descriptive Geometry, by J. F. Heather, M.A., 2 vols, in 1 .2*. 

77* Economy of Fuel, by T. S. Prideaux Is, 

78, 79. Steam as applied to General Purposes and Locomotive 

Engines, by J. Se well, C.E., 2 vols, in 1 2*. 

78*. Locomotive ENGiNE,^y G. D. Dempsey, C.E 1*. 6^. 

79*. Atlas of Plates to the above . , . . . . 4*. 6<f. 

79**. On Photography, the Composition and Properties of the Chemical 

Substances used, by Dr. H. Halleur Is, 

80, 81. Marine Engines, and on the Screw, &c., by R. Murray, C.E. 

2 vols, in 1 2s, ed. 

80*, 81*. Embanking Lands from the Sea, by John Wiggins, F.G.S., 

2 vols, in 1 2s, 

82. 82*. Power of Water, as applied to drive Flour Mills, by 

Joseph Glynn, F.R.S., C.E 2s, 

83. Book-keeping, by James Haddon, M.A. Is, 

82**, 83*, 83* Coal Gas, on the Manufacture and Distribution of, by 

Samuel Hughes, C.E Zs, 

82***. Water Works for the Supply of Cities and Towns. Works 
which .have been executed for procuring Supplies, by means of 
Drainage Areas and by Pumping from Wells, by Samuel Hughes, C.E. 3*. 

83**. Construction of Door Locks, with illustrations . . Is. 6d» 

83 {bis). Forms of Ships and Boats, by W. Bland, of Hartlip , . . 1«. 

84. Arithmetic, and numerous Examples, by Prof. J. R. Young , 1*. 6d, 
84*. Key to the above, by the same \s.6d, 

85. EftUATiONAL Arithmetic, Questions of Interest, Annuities, &c., by 

W. Hipsley , . Is. 

85*. Supplementary Volume, Tables for the Calculation of Simple 
Interest, with Logarithms for Compound Interest and Annuities, 
&c., &c., by W. Hipsley . ' 1*. 

86. 87. Algebra, by James Haddon, M.A., 2 vols, in 1 . . , .25. 
86*, 87*. Elements op Algebra, Key to the, by Prof. Young , , \s. 6d, 
88, 89. PRTNCiPiiES OF Geometry, by Henry Law, C.E., 2 vols, in 1 . , 2». 

90. Geometry, Analytical, by James Harm 1#. 

91, 92. Plane and Spherical Trigonometry, by the same, 2 vols, in 1 2s, 
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93. Mensxtration, by T. Baker, G.E Is, 

94, 95. Logarithms, Tables for facilitating AstronomicaL Nautical, Trigo- 

nometrical, and Logarithmio Calculations, by H. Law, G^., 2 rols. 
inl 2*. 

96. PoFULAB AsTRONOMy, by the Bey. Bobert Maiti, M.B.A.S. . . . 1«. 

97. Statics and Dynamics, by T.Baker, C.E 1». 

98. 98*. Mechanism and Practical Construction op Machines, On 

Tools and Machines, by James Kasmytb, C.E. . . . , 2»,6d, 

99, 100. Nautical Astronomy and Navigation, by Prof. Young. 2 vols. 

in 1 . . . ,28, 

100*. Navigation Tables, compiled for practical use with the above Is, 6d, 

101. Differential Calculus, by Mr. Woolhouse, F.R.A.S. . • , U, 

101*. Weights and Measures op all Nations ; "Weights. Coins, and 
the various Divisions of Time, witii the principles whicm. determine 
Bates of Exchange, by Mr. Woolhouse, F.B.A.S. • • , Is. 6d. 

102. Integral Calculus, by H. Cox, M.A * . 1«. 

103. Integral Calculus, Examples of^ by James Hann . • • . U. 

104. Differential Calculus, Examples of, by J. Haddon, M.A. • . Is, 

105. Algebra, Geometry, and Trigonometry, Mnemonical Lessons, by 

the Bev. T. Penyngton Kirkman, M.A u,6d, 

106. Ships' Anchors f or all Services, bv George Cotsell, upwards of 

100 illustrations l8,6d, 

107. Metropolitan Buildings Act, in present operation, with Notes 2s, 6d, 

108. Metropolitan Local Management Acts Is,^, 

109. Limited Liability and Partnership Acts . . , ,ls,6d, 

110. Six Recent Legislative Enactments, for Contractors, Merchants,* 

and Tradesmen Is. 

111. Nuisances Bemoval and Disease Prevention Act . , , . 1». 

112. Domestic Medicine, by M. Baspail »lt,M, 

113. Use of Field Artillery on Service, by Capt. H. Maxwell, B.A. Is, 6d, 

114. On Machinery : The Machine in its Elements, Practice, apd Purpose, 

by Chas. D. Abel, C.E., wood-cuts ls,6d, 

115. Atlas of Plates of several kinds of Kacooines, 14 plates larg« 

4to 4s, 6d. 

116. Rudimentary Treatise on Acoustics : The Distribution of Sound, 

by G. B. Bumell, C.E , Is, 6d, 

117. On Canal Engineering and Artificial Nayigation, by G. E. 

Bumell, C.E ls,6d, 

118. 119. On the Civil Engineering of North America, by D. Steven- 

son, C.E., 2 vols, in 1 8s. 

120. On Hydraulic Engineering, by G. B. Bumell, C.E., 2 vols, in 1 . ds, 

121. On River Engineering and the Construchon op Docsb axd 

Harbours, by G. B. Bumell, C.E. Yol. Ill 28, 

122. On Fluids, by G. B. Bumell, C.E Is, 

223. On Carpentry and Joinery, founded on Dr. Bobison's Work, with 

wood'cuta , ' m Is, 6d. 

123*, Atlas to ditto 4t. 6rf. 
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124. On Boofs po& Pubuo Ain> Pbivatb BuiLDme«, faanded od. Br. 

Bobison's Work ••..•...» 1«. 6cl, 

124*. Beoently constbuoted Ibon Boofs, Atlas of plates . . 4>9. 6<f. 

125. On the Combustion of Coal and the Prevention of Smoke, 

Chemically and Practioallj Considered, by Chas. Wye WUliams, 
M.I.C.B. ...,..•/ The 2 yols. \ - 

126. muatrations to ditto ..... ( in 1. j *** 

127. Budimentaby and Pbactical Instructions in the Art of Archi- 

tectural Modelling, with illustrations for the Practical Appli- 
cation of the Art, by J. A. Bichardson, Arch. ... Iff. 6d, 

128. The Ten Books op M. Y i t ruviu s on Civil. Military, and Naval 

ARCHiTECTruRB,* translated by Joseph Gwilt, Arch., 2 vols, in 1, in 
the press . . . . 2ff. 6<^. 

129. Atlas of Illustrattvb Plates to ditto, in 4to, with the Vignettes, 

designed by Joseph Gandy, in the press , . • ,is,6d, 

ISO. Introduction to the Study and the Beauty of Grecian Archi- 
tecture, by the Bight Hon. the £arl of Aberdeen, &o., &o«, &o., 
ir> the press 1#, 



ME. WBALE'S 
NEW SERIES OF EDUCATIONAL WORKS. 



1, 2, 3, 4. Constitutional History of England, by W. D Hamilton . is, 

5, 6. Outlines of the History of Greece, by the same, 2 vols. . 2«. ^, 

7, 8. Outline of the History of Bome, by the same, 2 vols. . 2s, 6d, 

9, 10. Chronology of Civil and Ecclesiastical History, Litera- 
turx, Art, and Civilisation, from the earliest period to the 
present, 2 vols • . . . . 2«. 6^. 

11. Grammar of the English Language, by Hyde Clarke, D.C.L. • Is, 

11*. Hand Book of Comparattvb Philology, by the same . . . 1«. 

12, 13. Dictionary of the English Language. A new Dictionary of 
the English Tongue, as spoken and written, above 100,000 words, 
or 50,000 more than in any existing work, by the same, 3 vols, 
inl 3«. 6if. 

14. Grammar of the Greek Language, by H. C. Hamilton . . . 1<. 

15, 16. Dictionary of the Greek and English Languages, by H. B. 

Hamilton, 2 vols, in 1 * 2t. 

17, 18. English and Greek Languages, by the 

same, 2 vols, in 1 2t, 

19. Grammar of the Latin Language, by the Bev. T. Goodwin, A.B. . 1«. 

20, 21. Dictionary of the Latin and English Languages, by the 

same. Yol. 1 2s, 

22, 23. — English and Latin Languages, by the 

same. Vol. II . • • • 1«. (kf. 

24. Grammar OF the Fbengos Lakguags . • • • • • * 1«. 

* This work, traDslated bj a soholar and an architect, was originally publiibad at 
88«. It bears the highest reputation, and being now for the first time issued in this 
Series, the student and the scholar will reeeive it as a boon from the gifted tcaABSfl.ti3R.. 
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25. Dictionary of the French and English Languages, by A. Elwes. 

Vol. 1 1*. 

26. English and French Languages, by the same. 

Vol. n l8.6d. 

27. Grammar op tub Italian Language, by the same . . . .1*. 

28, 29. Dictionary of the Italian, English, and French Languages, 

by the same. Vol. I. 28, 

30, 31. English, Italian, and French Languages, 

by the same. Vol. U 28. 

32, 33. French, Italian, and English Languages, 

by the same. Vol. Ill 2^. 

34. Grammar of the Spanish Language, by the same . • • .1*. 

35, 36, 37. 38. Dictionary of the Spanish and English Languages, 

by the same, 4 vols, in I < . 4«. 

39. Grammar of the German Language •••••. 1«. 

40. Classical German Reader, from the best authors • • . • l5. 

41. 42, 43. Dictionaries of the English, German, and French Lan- 

guages, by N. £. Hamilton, 3 vols., separately Is. each . • Zs* 

44, 45. Dictionary of the Hebrew and English Languages, contain- 
ing ttie Biblical and Rabbinical words, 2 vols (together with the 
Grammar, which may be had separately for 1*.) by Dr. Bresslau, 
Hebrew Professor ..•••••••• 7^. 

46. English and Hebrew Languages. Vol. HI. 

to complete • • * • . 3«, 

47. French and English Phrase Book ••••••• l5« 



THE SERIES OF EDUCATIONAL WORKS 

Are on sale in two hinds of binding ; the one for use in Colleges and SchooU 

and the other for the Library. 



Hamilton's Outlines op the History of England, 4 vols, in 1. strongly 

bound in cloth 6s, 

Ditto, in half-morocco, gilt, marbled edges • . .6*. M. 



History of Greece, 2 vols, in 1, bound in cloth • • • .3*. ^d. 

Ditto, in half-morocco, gilt, marbled edges •••••• 49. 

History of Rome, 2 vols, in 1, bound in cloth • . • . .35. 6if. 

Ditto, in half-morocco, gilt, marbled edges .•,... 45. 

Chronology op Civil and Ecclesiastical History, Literature, Art, 

&c , 2 vols, in 1, bound in cloth Zs.Qd. 

Ditto, in half-morocco, gilt, and marbled edges , . . .4*. 

Clarke's Dictionary of the English Language, bound in cloth . 4*. Qd, 

, in half-morocco, gilt, marbled edges 5«. 



— > bound with Dr. Clarke's English Grammar, in cloth . 68. 6d. 
— Ditto, in ialf-morocoo, gilt, marbled edgea * . . , 6«.. 
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Hamilton's Greek and English and English and Greek Dictionary, 

4 Tols. in 1, bound in cloth ds. 

Ditto, in half-morocco, gilt, marbled edges . . .5s. 6d. 

Ditto, with the Greek Grammar, bound in cloth , . 6*. 

Ditto,' with Ditto, in half-morocco, gilt, maibled edges . 6«. 6d. 

Goodwin's Latin and English and English and Latin Dictionary, 2 

vols, in 1, bound in cloth . 4f, 6cl. 

Ditto, in half-morocco, gilt, marbled edges 5s. 

Ditto, with the Latin Grammar, bound in cloth . . 5s. 6.1. 

Ditto, vnXh. Ditto, in half-morocco, gilt, marbled edges , , 65 

Elwes's Frencic and English and English and French Diction^vry, 

2 vols, in 1, in cloth . . 3s. 6d. 

• Ditto, in half-morocco, gilt, marbled edges 4*. 

Ditto, with the French Grammar, bound in cloth , . 4*. 6d. 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . . . 5*. 

French and English Phrase Book, or Vocabulary of all Conversational 

Words, boimd, to carry in the pocket . . . ", .Is 6d. 

.Elwes's Italian, English, and French^ — English, Italian, and 
French, — French, Italian, and English Dictionary, 3 vols. 
in 1, bound in cloth 7s. 6d. 

Elwes's Ditto, in half- morocco, gilt, marbled edges . . . , 8s 6d, 

Ditto, with the Grammar, bound in cloth • . . , 8s.6d, 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . . 95. 



— Spanish and E^lish and English and Spanish Dictionary, 

4 vols, in 1, bound in cloth 5s 

— Ditto, in half-morocco, gilt, marbled edges . , , . 5s. 6d. 

— Ditto, with the Grammar, bound in cloth 63. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . 6s. 6d. 



Hamilton's English, German, and French, — German, French, and 
English, — French, German, and English Dictionary, 3 vols. 
in 1, bound in cloth is. 

Ditto, in half-morocco, gilt, marbled edges . . .4s. 6d. 

Ditto, with the Grammar, bound in cloth . . .... 5*. 

Ditto, with Ditto, in half-morocco, gilt, marbled edges . Ss. 6d, 

Bresslaxj's Hebrew and English Dictionary, with the Grammar, 3 

vols, bound in cloth 12^. 

Ditto, 3 vols., in half-morocco, gilt, marbled edges . . . 14a, 



Now in the course of Publication^ 

GREEK AND LATIN CLASSICS, 

Price 1b. per Volume, (except in some instances, and those are Is. 6d. or 
28. each), very neatly printed on good paper. 

A Series of Volumes containing the principal Greek and Latin Authors, 
accompanied by Explanatory Notes in English, principally selected from 
the best and most recent German Commentatora, and <iqi\£v^xS^css5^>S5^K^« 



•SAl^ 



22 



CLASSICAL SESISa 



Works tliat ar» esseatial for the Scholar and the Pupil, and applicable for 
the Universitiefl of Oxford, Cambridge, Edinburgh, Glasgow, Aberdeen, 
and Dublin, — the Colleges at Belfast, Cork, Galway, Winchester, and Eton, 
and the great Schools at Harrow, Rugby, && — also for Private Tuition and 
Instmction, and for the Library. 

Those that are not priced are m the Prea* 



LATIN SERIES. 



1 A new Latin Delbctub, Eztraots 
from Classical Authors, with 
Vocabularies and Explanatory- 
Notes * ll. 

3 CiBSAR's CoiofENTAiOBS on the 
Gallic War ; with Grammatical 
and Explanatory Notes in Eng- 
lish, and a Geographical Index 2t. 

3 Cornelius Nepos ; with English. 

Notes, dro If. 

4 VmoiL. The Georgici^ Bucolics, 
and doubtful Worlu : with Eng- 
lish Notes ll. 

5 Viroil's iENEn>(oin the same plan 

as the preceding.) . . . . Sf. 

6 Horace. Odes and Epodes ; with 

English Notes, and Analysis and 
explanation of the metres . . It. 

7 Horace. Satires and Epistles, 

with EngliEih Notes, drc. . 1<. 6<2. 

8 Sallust. Conspira(^ of Catiline, 

Jugurthine War . . . l«.6d. 



9 Tebsnob. Andria and Heauton- 
timorumenos . . . 1<.6«2. 

10 Terence. Fhormio, Adelpbi and 

Heoyra . . • . .14. 6ci. 

11 Cicero. Orations against GatOine, 

for Sulla, for Aromas, and for Uie 
Hanilian Law. 

12 Cicsaa First and Second Phi- 

lippics; Orations for Milo, for 
Maroellus, 4to. 

13 Cicero. De Officiis. 

14 Cicero. De Amicitia, de Senee- 

tute, and Brutus . It. fid, 

15 Juvenal and Persius. (The in- 

delicate parages expunged). 

16 LiTT. Books L to ▼. in 8 ]>art8 . 
LiVT. Books xxi. and xxil 
Tacitus. Agricola ; Germania ; 

and Annals, Book i. 
10 Belsotions from Tibui.x;d8, Otid, 

Propertius, and Lucretius. 
20 Selections fr^m Suetonius and the 

later Latin Writers. . . U 5d. 



17 
18 



8«. 
1«. 



GREEK SERIES. 

OH A SIMILAB FLACT TO THE LATIN SERIES. 



1 Introduotort Greek Reader. 

On the same plan as the Latin 
Reader Is. 

2 Xenophon. Anabasis, i. ii iiL . 1«. 

3 Xenophon. Anabasis, iv. v. vi. 

vu 1«. 

4 LuciAN. Select Dialogues . . 1«. 

5 Homer. Iliad, i. to vi . 1«. 6d. 
Homer. Iliad, vii. to xii. . 1« 6d. 

7 HoMiSR. Iliad, xiii. to zviiL It. Qd, 

8 Homer. Iliad, xlx. to xxiv. 1<. %d. 

9 Homer. Odyssey, i. to vi. 1#. M. 

10 Homer. Odyssey, vii. to xiL 1«. 6d. 

11 Homer. Odyssey, xiii. to xviil 

12 Homer. Odyssey, xlx. to xxiv. ; 

and Hymns. 
18 Plato. Apology, Crito, andPhsedo. 

14 Herodotus, i. iL 

15 Herodotus, iii. to iv. 

16 Herodotus, v. vi. and part of vii 

17 Herodotus. Remainc^r of vii. 

viii. and ix. 

18 Sophocles ; GBdipus Rex. . . 1«. 

19 Sophocles ; (Edipus Colonseus. 

20 Sophocles; Antigone. 

21 Sophocles; A^a^s^ 

22 Sophocsles; Philoctetes. 



23 Euripides; Hecuba. 

24 Euripides; Medea. 

25 Euripidbs; Hippolytos. 
l!6 Euripides; Aloestis. 

27 Euripides: Orestes. 

28 Euripides. Extracts from the 

remaining plays. 

29 Sophocles. Extracts from ths 

remaining plays. 
80 .Sschylus. Prometheus Vinctus. 
Persee. 

Septem contra ThebaOL 
Cho6phor». 
Eumenides. 
Agamemnon. 
Supplices. 
Select Lives. 

Clouds. 

Frogs. 



81 
82 



.^schylus. 
.sscutlus. 

83 ^ CHTLUS. 
34 .^SCHTLUS. 

.^SCHYLUS. 

iSsCHYLUS. 

Plutarch. 

arist0pha27es. 

Aristophanes. 



36 
36 
37 
38 
89 

40 Aristophanes. Selections firom the 

remaiuiug Comedies. 

41 Thucydides, i It, 

42 Thucydides, iL 

43 Theocritus, Select Idyls. 

44 Pindar. 

45 Isucrates. 

46 Hesiod. 



LONDON : JOHN WBALR, 69, HIGH HOLBORN. 
W:^OLE8ALS AQBNTa, LOCKWOOD d( CO., 7,BTA!tlO«"KBS BALL COURT, Ha 



WORKS IN GENERAL LITERATURE PUBLISHED BY LOCKWOOD ft CO. 
USEFUL. ARITHMETICAL WORKS, BY DANIEL 0*QORIIiANi 

INTUITIVE CALCULATIOlsrS ; 

The most Concise Methods eyer published. Designed for the use of all CI 



Bankers, Brewers, Engineers, Land Surveyors, Manufacturers, Merchants, Wine and 
Spirit Merchants, Timber Merchants, Professors, Teachers, &c. With an Appendix on 
Decimal Computation, Coins, and Currency. By Daniel O'Gobmak. 22nd Edition, re- 
vised by a Licentiate of the College of Preceptors. SOth Thousand, crown 8yo, 3«. 6d. cloth. 

AN ORIGINAL AND COMPREHENSIVE SYSTEM OF SELF- 

INSTRUCTING BOOK-KEEPING BY SINGLE AND DOUBLE ENTRY. 

New Edition, Svo, price bs. cloth. 

THE PRINCE OF WALES'S NEW TABLE-BOOK, compUed 

from the *' Intuitive Calculations ; " jembracing all the Tables in Money, Weights, 
and Measures, necessary for the Arithmetician; with New Tables of Decimal 
Coins. New Edition, 12mo, 8d. stitched. 



WORKS. BY THE REV: WM. HARRISON, RECTOR OF BIRCH.' 

THE TONGUE OP TIME; 

Or, the Language of a Church Clock. By William Harrison, A.M. of Brazenose Col- 
lege, Oxford ; Domestic Cha])lain to H.R.H. the Duke of Cambridge ; Rector of Birch, 
Essex. 6th Edition, with beautiful Frontispiece, fcap., reduced to S«., cloth, gilt edges. 

"This i« a ■piritual little treatise, intended to I bours of the day to tlie edification of the louL"— 
improTe practically and dcTOtionally the twelve | Ckwrduum'* JtfontAIy Review. 

THE SHEPHERD AND HIS SHEEP; 

AN EXPOSITION OF THB TWBNTT-THIRD P8ALH. 

2nd Edition, enlarged, fcap., reduced to 28. 6d. cloth, gilt edges. 

CONSECRATED THOUGHTS; 

OR, A FEW NOTES FROM A CHRISTIAN HARP. 

2nd Edition, corrected, fcap., 28. 6d. cloth, gilt edges. 

SERMONS ON THE COMMANDMENTS, 

PREACHED IN THE CHAPEL OF THB UAGDALEN HOSPITAL. 

2nd Edition, corrected, fcap., 4«. cloth. 



MANUAL FOR THE BEREAVED.' 

2nd Edition, fcap., reduced to is. 6d. cloth, 

HOURS OF SADNESS; 

Or, Instruction and Comfort for the Mourner : consisting of a Selection of Devotional 
Meditations, Instructive and Consolatory Roflectif'iis, Letters, Pi-ayors, Poetry, &c., 
from various Authors, suitable for the bereaved Christian. 



Cheap and Entertaining^ Books for Cliildren. 

THE STORY OF THE THREE BEARS, nth Edition, with 

Illustrations, oblong, now reduced to 6d. sewed. 

THE GREAT BEAR'S STORY; or, the Vizier and the Woodman. 

With Illustrations, obluug, now i educed to 6d. sewed. 

AN HOUR AT BEARWOOD ; or, The Wolf and the Seven Kids. 

» With Illustrations, oblong, now reduced to 6d. sewed. 

THE THREE BEARS AND THEIR STORIES; being the above 

stories in 1 vol., with numerous Illustrations, reduced to 2s. obioug, cloth lettered. 

THE UGLY DUCK. By Hans Andersen. Versified ; and dedi- 
cated to the Readers of " The Throe Bcai-s." Four Illustrations by Weioall. 
Oblong, now reduced to 6d. sewtd. 



WORKS IN GENERAL LITERATUBE PUBLISHED BY LOCKWOOD & CO. 

ELEGANT CHRISTMAS, NEW YEAR'S, AND BIRTHDAY GIFTS. 

Ninth Edition, fcap. 8vo, cloth, gilt edges, 56S pp., price 6«., 

TRUTHS ILLUSTRATED BY GREAT AUTHORS. 

A Dictionary of nearly Four Thousand Aids to Reflection, Quotations of Maxims, 
Metaphors, Counsels, Cautions, Proverbs, Aphorisms, &c. &c. In Prose and Verse. 
Compiled from Shakespeare and other Great Writers. 

"We accept the treasure with profound grati- 
tude— it should find its way to every home." — 
Bra. 

"We know of no better book of the kind."— 



" An achipvement worthy of the highest order of 
literary genius."— Jtfommsr Adv«rH»tr. 

" The quotations are perfect grms ; their selec- 
tion erinces sound Judgment and an excellent 
taste."— Sispa/cA. 



Examiner. 



Third Edition, fcap. 8vo, cloth, gilt edges, 536 pp., price 6*., 

THE BEAUTY OF HOLINESS; 

Or, the Practical Christian's Daily Companion : heing a Collection of upwards of Two 
Thoxisand Reflective and £k>iritual Passages, Bemarlrahle for their Sublimity, Beauty, 
and Practicability ; selected from the Sacred Writings, and arranged in Eighty-two Sec- 
tions, each comprising a different Theme for Meditation. By the Editors of *' Truths 
Illustrated by Great Authors." 



Second Edition, fcap. 8vo, cloth, gilt edges, nearly 700 pages, with beautiflil 

Vignette Title, price 6«., 

THE 

PHILOSOPHY OF WILLIAM SHAKESPEARE. 

Delineating, in Seren Hundred and Fifty Passages selected from his Plays, the Multi- 
form Phases of the Human Mind. With Index and References. Collated, Elucidated, 
and Alphabetically arranged, by the Editors of " Truths Illustrated by Great Authors." 



Second Edition, fcap. Svo, eloth, gilt edges, 638 pages, with beautiful tinted lithograph 
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